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ADVERTISEMENT 
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BY. THE 


EDITOR or THIS EDITION. 


FN this Edition the Arcentia to the 
firſt Part is incorporated with it, in 

its proper Place; many Miſtakes, partly 

original ones, committed by the Au- . 


thor, and partly ſuch as have crept into 


the Work, in the different Editions 
which it has undergone, fince it paſſed 


through the Hands of the Author, . 


7 


gan again with each Part, are continued 
Volume. The Editor has moreover; in 
: fupplying Geometrical Demonſtrations 


L ; thinking thats more agreeable. 


have Toa corrected ; and the Pages, * 
vhich before were pern off, and be- 


without Interruption to the End of the 
a few Inſtances; taken the Liberty of 
ere the Author had given Algebraic. 


to the general Tenor of the Work, 
, A * N and 


. 


ADVERTISEM ENT. 


\ and that they carry with them a more 
direct and explicit Demonſtration, at 
leaſt to ſuch Perſons as this Work i is 
chiefly intended for. 5 


The Editor has not preſumed to cor- 


rect his Author in any Inftance which 

is not ſtrictly demonſtrative, and there- 

fore although ſome Points in the Philo- 
ſophical Part are now, accounted for 


in a different Manner from what he has 


| 23 duone, the Editor judged it better to let 
them remain as they were 


adapt them to the Faſhion of the Day "I 


than to 


way A as it already hath, ſo it un- 


5 doubtedly will hereafter change, with 
EReſpect to many of thoſe Points which "A 
admit not of Mathematical Demonſtra- 
tion: ſuch are, the Compreſſibility or 
5 Incompreſſibility of Water, the Cauſe 


of the Aurora Borealis, of the Opa- 


city and Tranſparency. of Bodies, the | 
Appearance and Curvature of the 
Tailsof Comets, andſomeothers, which 


are all merely portal, or depend 
} N þ | __ | 


_ ADVERTISEMENT. - *2 
on Experiments which are of too preca- 
. Tious a Nature to be confided in..' The 
modern Way of accounting for - the 
Phznomena of Thunder and Light- 
ning ſeems worthy of Exception, as 


ments; the Editor, | nevertheleſs, did 


not think himſelf at Liberty to cancel 


the Chapter on this Subject; but 
rather to refer the Curious .on this 
Head to Dr. Franklin's Eſſays, or to 
Dr. Prieftley's Hiftory of Electricity. 


Io or three Miſtakes, whicheſcaped 
the Editor's Notice until after the 

Work was printed off, may be men- 

_ © tioned here, Page 62, of Vol. I. the 

Author ſpeaks of a Body being pro- 

jected with ſuch a Velocity, as would 
make jt continually recede from the 


| Earth in a Curve, until it gets out f 
the Sphere of the Earth's Attraction; 
after which, ſays he, it will go on in a 
ftraight Line, without ever returning. 
If a Projectile does not aſcend in a 
ſtrait Line, or revolve in a Circle, or 
„ an 


= | if 1 


being founded on more deciſive Experi- 


l 


4 


| 5 Tenibed 2 5 


ADVERTISEMENT. 


; 0 n 575 it will deſcribe L Paudbels, 
erbola, and having once de- 
rt of a Curve, it will con- 
tittue to deſcribe that Curve, and can 

never afterwards JI in A 2 

Line. 


fe chird Law of Nature, r 86- 
tion, has no Concern with wat 


the Author is ſpeaking of, p. 663 
neither are the centripetal and centri. 


25 fugal Forces always equal, as he aſſerts, 


unleſs the Projetile deſeribes a Circle, 
or approaches to, or recedes from the 
Center with an uniform Velocity. 
Laſtly, his Reaſoning, reſpecting the 
Wedge, in p. 92, &c. is not true; for 
# Witter the Wedge is driven forwards, 
nat only the upper Ends of the Wood, 
but all the Parts thereof from G to G, 
and from C to H, will move with equal 
Pelocities, in Ditections ray ; 
to THE Sides of the 115 2 
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who areunacquainted with Geometry, 


that they are diſcaunaged ly the Mathe- 
matical Demonſtrations, 2 peruſing 
© Books of Natural Philoſophy; I appre- 
rs if had drawn 


2 d that ſome Pape 
| wp for tbe Uſe 
.Unizerfity, wo 
atccaptable, if publiſhed in ſuch Form, 
that ibe Propoſitions, or ance of 
be Bool, might be read without Inter 
ruption from the Demonſtrations.. I 
have therefore, in the following Treatiſe, 
laid doum the ſaid Propoſitions, and en- 


not be altogether un- 


aud eaſy Manner, without Geometry, by 


Fay 3 


17 8 nen with 5555 


my Pupils in the 


deavaured to prove them in 4 familiar 


PREFACE. 


re felled in that N be 93 


e | the Demonſtrations, with ſome | * 


| occaſional Remarks, by Way of Notes. 
And whereas the Writers on this Sub- 


© jolt babs appropriated to themſelver a 
Seile too technical for Beginners, T 1 
- ave, in Hopes of being more eaſily un- 
: Gerftood, - ſometimes choſe a plainer and 
more popular Way of E »preſſon, — oY 
eee wer en youn accurare. 


y 
"A A” : 
© TJ * = "> 


1 n OR ene #0 the i fo Polo,” 

N otice is talen of the Method of Philo- 

- okiing made Uſe of by Des Cartes, 

and others before bim, { far" as the 

Den of 42 Compendium required. 

I all add bere à few Conſideratioms 

ES. regs. to bend M ethod which: eee 

at this Time. 

In tbe — Method of Philoſephi- 
; N all Matter is confidered (with re- 

. 10 its Subſtance) as homogeneous, _ 
or-"of © the ſame Kind; and 0 other 

* or e of 4 Au,; in Matter 


11 


5 | 


15 gi of, but what is well eabiſhed 
Ges | by Path * 8 


Some kiddie a 3 Semen | 


| Fire, as they call it, among their Prin- 


ciples; or, which comes to the fame 
Thing, they eonfider Fire as endowed © 


with acki Powers di diftint? from thoſe - 
of other Matter. Keill, in his Letter 
10 Dr. Cockburn, De Legibus At- 


tractionis, aliiſque Phyſices Principiis, 
males Uſe f Principles, viz. 1. 


Empty Space, 2. The infinite Divi- 


ſibility of Quantity. 3. The Attrac- 
tion of Matter. And affirms, that all 
Fhyſics depend thereon... '| 
The firſt of his Web the W 
may perhaps think ridiculous; but be 
may confider, that at tbat Tine the | 
; Nation of a Plenum war not wholly 
exploded: The laying down —_— Space 
as a frft ae calling out 
ö for Elbow-Room and a clear Stage. 


with what others have done, I haue 
28” e e oy? 


1 


PREFACE. _ 


But not to trouble the Reader 


4 


vi 
4 


r 
— I make uſe of are, eg 


* po 'PREFAG E. 1 
| whoſon; and eyerywhere Puck 10, 1 


and as oft as a Phænomenon corel, 
which ¶ could not account for by them, 


I bave given it up as Difficulty ;. mot 
_ deſpairing, but that when all the Cir: 
' eumſtances 
#horoughly * 


F the Phenomenon ſhall be 
wn, thoſe Principles alone 
may be found eien, 1t ſeems not 


. tans the Regard a Philgſapher 


Jpould:have to the LU dare: N ature, 
every where obſervable, to call in a new 


. Tirf,, Attraction of... od” 
That. "TRL Diſpoſition in Bodies to 


mane towards each other, even when at 
great. Diftances gſunder. 


2 ds \X + 


aecondly, Attraction of Cobeſion. 


That. 1 C like Diſpoſitiom in Badies ito 


obe towards each. other, but di inte | 


| «from. the farmer, in ar much 45 it 16 
obſerved to, take. Place only when the E 


Bodies are very near together. DFO: 


Thirdly, Repulſion, or. a Diſpoſition 


. | an Bodies, ſe” in 22 Caſes they © 


endeavour 


= 


14 


rufen 
endeavour 70 avoid, TY ro — 


other. 

The frf of theſe is Matter of FO 
Obſervation. Thus a Ball lei "go 1 
the Hand falls" to the Ground. 

'The ſecond may be ſeen in tbe Joſe 
Irving Inftance. A ſmall Portion of a 
 Fluitt forms itſelf into 'a Sphere or. 
Drop: Which can only bappen from - 
4 Di iſpofttion in the Particles of "which 


it comſiſts, to come as near «as Poſſible ” 


each other. 


An Inflance of the third 3 is this; - 77 . 


Air —_ ed in a Bladder, be ſpucexed 
imo 4 | 5 Compaſs, the off within, 
when he reſſure is talen off, "reſtores 


tbe Bladder *, to its former Sizes „ 


plain Indicution that .the Particles "of 


which "the Air conſiſts; endeavour. 10 


avoid or H from each other 4 


* 15 


4 Theſe Diſpoftions in Bodies are not 

7 = Reſult of any Mechanical Cauſe 
84 ee, 1 bis Diſpufitio, tr UT I. 
Tae 7. Note (m) Frm r 

ro | whatever; ; 


AX 


i PREFACE 


whatever ; that is, "ſuch as may. ariſe 

from the EQuvia of Bodies, or the. Ac- 

of any other material Subſtance (b): 

are therefore the Act of an 1mma»- 

_ xefial Cauſe, in / irtue of which inactive 

Matter performs .the. O os oy) which it 
wa ROE 5 


in From 


= Deimetifitzeicn,; bs hs Ast Place it i n 
55 if Gravity atis upon Bodies with the ſame Degree of 
| ＋ N ſs, whether th be in Motion or at Reſt, it m 
monſtrated, that ies, when projected, will deſcribe ; 
Parabel,; and that when vibrating in Cycloids, their. 
F rations will be iſocronous, c. In the next Place t 
n as well known, that Bodies, when prejected, do deſcribe 
. Parabolas, and that when vibrating in Cycloids, their 
Fi ations. are iſocronous, &c. From which twa. Pr, 
ons it demonſtratively follows, that if Gravity be be 
| Can uſe of - the above-mentioned 5 1 muſt act upon 
bx ier with the Jams Force, whet hey. be tn, Motion or at 5 


ee, it is well inotum, that, if Attraction of Cohefian' - | 
4s upon Rays of Light with the ſame Degree of * 8 
neſs, ubatever he Velocity they move with, it Ho 
demonſtrated, that the Ratio of the Sine of the * 42 o 

. Incidence to the Sine of the ugle of we aftion, will 
given. But in Refrattion of * bt, Ratio of thoſe 
Sines is given in Fat; i therefore. Ae of Chechen 
le the Cauſe of the Refractian of Light, it muſt ad upon 


Rays of Light with the e ſame lag, whatever 4 cher 


they move with. 
But no Effluvia of ; 7. no material BubBance” = i, 
in ſort no material Cauſe whatever, can act with the 
5 | fame. Intenſeneſs, or have the ſame Effet v 1 in 

e « apes the ſame Body at hike ; eariths 
very 


From the firſt ES third Principlt (c), 


that is, from the Attraction of Gravi- 
5 N 0 and Cobefion, together with the- 
erties of Matter enumerated in the 
tape of of this Compendium, which 


yt rties muſt be always ſuppoſed, the 
Ppt or Spring of the Air, and 
from thence the Nature and. Propaga- 
tion of Sound, are accounted for. And 


from the Spring of the Air confidered | as 
bein augmented Heat, and diminijhed” 
by Gold, 4 it ts obſerved to be, an g the | 


| po 8 to Methematician mat 1 16% 
Nat, Body can only ad Body, accordi _ = Sam 
or Difference of their Mottons. It remains 
the two Diſ trons herein mentioned, are wot 4 74 
' any —— Cauſe whatever : Which is nv Part 7 
Propeſition to be demonſtrated. - 
As to the ww Diſpoſition in Bodies, the Re 
72 Light, are alſo a cla it, as it appears they 
gy Ef F Sr raged; ref, AY 
forego ote, it may very reaſonably be d, t 
2 don't oN preſent know the 5 — Ye, 
75 Bodies in . the ſame Manner that it OED 
the ſame at Re that if therefore is alſo the Reſult v 
d material Cauſe whatever. / 1 
le) De Lau or | Manner wherein theſe Principles are 
obſerved ts af in a wh Circumflances, are determined 
Cy Fatts,. in Part I. Chap. 3. The Law of the thin 
6 far as it relates to the Air, uin be Ne in cy 
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PREFACE. 


[a 1 = s being. atthe ſame Time affected by the 
Inſt Principle, via. thatof Gravitation, the 


Phenomena of the Minds are explained. 


By the ſecond Principle, the Cobefion of 
Matter, the various "Degrees of Hard- 


neſs obſervable in ü, the Diſſolution of © : 


: . Bodies by. Flaids, with other chemical 


Operations; and in particular the Phæ- 


nomena of Fermentation, and conſe- 
| quently 1 e Cauſes of "Thunder -and_ 
. Ay, 8 c. | B y this Principle 41% 


the rifing of lack in ſmall Tubes, and 8 


Fer, thence the Aſcent of Sap in Vegeta- 


Ges are accounted. for; all which: Par- 
"Sedans, except the two firſt, are treated 
in tbe ſecond Par Part of this Compen- 
ium: As alſo the Refration of Laght, 
aud conſequently all that Train of Phe- 
 nomena depending thereon, which ib 
Hahl of tbe bed Part, By the fit 
Principle, the ſeveral Circumſtances re- 
_ lating 70 falling Bodies, and to the Motion 
of Projeiles, together with the Doctrine 
. of Pendulums, (treated of in the firſt) 
"00 oy?” all _—_ which FOE * | 
. 


„ 


the Preſſure of Fluids (treated of hs 
. the ſecond Part) are . And 
_ above all in deduced that moſi cu. 
_—_ of Central Forces, juſt touched 


Bodies; and to account for the _— 
þ and flowing of the Sea, &c: 
ties, "ton great Seiningy "fo Kere 


Reaſon 70 Sermount! 


SEP) 


e From 
Principles, | are * Refletriom of Eixbt, 


its Emiſſon from luminous Bodia and 


; 172 Formation 80 3 V apour. 


is may be onl 


PREVACE.” : * 


curious 


pon in the firf, but largely and fully 
ene the” fourth Part, by which 
(aſſuming that the heavenly Bodies were 
at firſt put into Motion by. — Creator) 


ve are enabled to aſſign the Cauſe. of 5 
the Continuation thereof, with all its 


| Modifications and Irregularities'; to 
0 deter mine the "neceſſary Shape of thoſe Ny 


wed "the Phznomena- 8 1 
1 Been able 50 5 a ſatisfaory - 
| above-mentioned 


D . 
> Want of 

. 33 with ** Cir eum- 
3 9 


PREFACE: 


| Ra | N of thoſe ae 1 its. 


more ſufficient Data, or Fact to found 
Their" Solution' upon: So that ue are 


not to conclude immediately, that the 


Principles are inſufficient 3 but rather. 

10 wait with Patience: The Diligence 
of thers may render that eaſy, which 
our uthoſt E fore at Preſent. are Wea | 
55 able to furmount.” \ Vole, 


: "ths 2 Render F : 
. with Studies of this Kind, may wonder 
that ſo many of the ES or Ap 
 pearances of. Nature, ſhould. be ac- 
counted for by ſo few Principles; and 
becauſe it may be @ Means 575 7 ; 
bim eme Iaſigbt into the- 
tzßtbeſe Sheets, I will here lay xn 4 
following Propoſitions, which are imme= 
diately "deductible from the Principles, 
and alſp-mearly connected with the Phæ- 
nomena 10 be accounted for by them; 
Meant of which, he will more readily 
Ferceive the Conneftion or Relariqn be- | 
waer x 2he one and the N 3 
2 e 1 


PREFAGE n 


* Prorostrton I. a wy 


M 
+ ** 


„Matter is an a e e 
3 is, it is quite indifferent either to 


Motion or Reſt; inſomuch that the 


leaſt Force imaginable acting upon it 
will move it, if at Reſt; and 3 
its Courſe when moving: And further 
no Body has a Power either of putting 
itſelf into Motion, or of ſtopping or 
altering its Courſe when it does move. 
Notwithſtanding which, every Body 


acts upon all othets provided. Muir 
Diſtances be not too 8 


tually ee to ee chem a. into 
| en *. v 


* N we Th true 2 3 of by ; 
Gravity or Weight of Bodies belonging | 1 
to the E arth, and their Diſpoſition to 

No de tend towards it on all Occaſions, 
oſe. Bodies are equally indifferent to 
M otion or Reſt; but by Virtue of the 

3 ur Principle, that is, by their Attrac- 
Fon of \ Fronikatin, (as above . 13 
r. L. r re * 


88 


i 


« 


ob 


* FS. b . ' . 
— , is « 


PRE FACE. 


; = are . towards . the Sus un,” the 2 
| Mom, the reſt of the Planets, and the * 
Sui but towardstbicle/i more firongly 
ebam re c of the reſt; and fa 
they tend, . 0H 079" heavy 10 
wards whe. © The Reaſon that they art 
„ e eee fowards che Fare 
. than towards thoſe other Bodies, it, that 
although it be one of the Laws of this 
Kind of Atira#ion, that it operates ac- 
cording to the Ruantity of Matter in 
Boalies, and therefore the Attraftion of . 
zb Sun fſbould be the moſt prevalent, in 
as much as that Body contains the moſs 
Matter; yet it is anather Law of that 
Principle, that it acts more ftrongly ar- 
c cording to the Wearneſs 0 B odies tu each 
other + This latter Confideration in the Ges 
| preſent Caſe, overbalances the former; 
and ſo the Bodies about us tend towar 
the 2 arth. 5 | 8 


*7 DCC nr ro; 085 
Tf 2 hege round a be oy 
ones to an 


_ 


5 crery where with mal 


p R E F A c Tt Zi © 
equal 8 or Diſtance n its Sur- 
face; and if thoſe ſmaller ones tend 
towards the large Body, by Virtue f 
the firſt Prigeipl, and are, at'theſame _ 
Time, diſpoſed to fly from each other. | 
by Virtue of the third, that is, by a re- 
pelling Power inherent in them ; 1 
ſuppoſing farther, that when they rr : 
or are very near each other, their Diſpo- | 
- fition to avoid each other exceeds their 
Tendeney to the large Body, and when 
they are at a certain greater Diſtance from 


each other, that Diſpofition is leſ han 


their Tendeney to the large Body: Then 
will thoſe ſmaller Bodies keep at certain 
Diſtances from each other, and conſtitute 
an elaſtic, ' compreſſible Subſtance ſur- 


rounding that large Body, and Hot BY 7 


ing towards it on all Bidet. En 
| Hence an Idea of the Nature and © 
Condition of the Atmoſphere furround- 
Te the Earth, with all its Properties. 

N. B. When Jay a Body tends to 
another, I do not mean that it moves to- 
. wargy- in, but only that it would move 
Þ 1 e 5 
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„ 3 it, if nothing proving Thus, 
4 Bird" while mounting aloft into the |. 
RED Air, tends towards the Earth, as much | 
ar one that is falling don; fer the ons 
would fall as well as rn ther, 95 10 
"© wi ene | HY ov 


"PaoroziriON. III. 


e eee oa 
Bodies are in the State ſuppoſed in the 


5 foregoing Propoſition, any one, or more 


of them he made to move (ſuppoſe tar”. 


; Inſtance half. Way) towards the next, it 
. will by Virtue of the third Seen, 
that is, its repulſeue Force, drive or im- 
pel thoſe it comes nearer to, cloſer to- 


gether; which Bodies, 'when that other 


moves back again (as it will immediately 
do, being repelled by them) will recede 
from each other again: That is, a Kind 
ol tremulous Motion will be communi- 
cated to them by that other, and for the 
like Reaſon, 155 them to the next; and 
ſo on through the whole, or at leaſt to a 
Seat Diſtance from where it began. 


3 


. ence 


r e We. | may. Sy an Ws. ow 


Sound 12 excited by the Tremors of 4 
Body during itt V. rrtim, and. ne 


gated ok the Air. e INS 30 1 


1 


2 * 
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"Dis 2 ghee s by which that 85 


cond Principle, or the Attraction of Co- 
heſion, is obſerved to act, is, that Bo-— 
dies act upon one another, not in Pro- 


portion to the Quantity of Matter they 
contain, as by the firſt Principle; but 
only according to the Largeneſs of their 


_ . Surfaces, and the Nearneſs of the Sur- | 


| e of 01 one. my to that of another. 


F rom Hack we may ee Sas 
ſuch Particles of Bodies as are flat or 


Jquare, and fo fituated among each otber 


at to touch or be very near one another . 


in many Points, will conſtitute what we 


0D 3 "San 
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| l an . . and thoſe Particles 
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. Pp R E PF A© " EC 
5 dich" are tore round, or fo fituated 


that befſs Portions of Ay Str faces are 
near topether, will attruct one another 


MET KF 
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with a % Force, and ſo form a ſofter | 
Body; tho e which are round, or near 
fo, will attract one another fill 76%, 


and alſo ſlide more eaſily over one ano- 
_ ther, and Ju form what * wwe call a fluid 
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n 


: 


When two Bodies meet a der, if 


the Particles which conſtitute the one, 


be diſpoſed, by their Attraction of Co- 


heſion, to move towards thoſe of the 


other with a greater Degree of Force, 


than the Particles of either Body are 


diſpoſed to move towards themſelves; 
theſe of the firſt will leave it, and run 


© | in among thoſeof the ſecond: And for 


the ſame Reaſon, thoſe of the ſecond 


5 will ſever from that, leave it, and enter 
. in between thoſe of * firſt. And 9h 


: N 


5/4 


_ . rubbing and claſhing one a We 
ther will be ſufficiently heated to take 
Fire, and wall burſt out into Flame. 25 


n IAGCE. * 
| | the dation wth which this is done, be 


very violent, and the Bodies be of the 
inflammable Kind, their Particlesb thus 
Mo- 


Es 8 Fermentations, 


Exploſions, Eruptions of Volcano's,- © 

Thunder, Lightning, Aurora Borealis. 
ub all otber Fee Y- that | 
Tribe. *s | 


* . 
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Paros! 1110 N VI. 


EY a Pi ipe, open at both Oy "TY 
of a very ſmall Bore, have one End 
dipped into Water, the Water will run 


up into the Pipe above the Surface of 


| the Water on the Outſide (being drawn 
up by the Tendency it has by the Prin- 
_.ciple of Attraction of Coheſion, towards 


that Part of the inner Surface of the 
Pipe, Which is I above it, as it riſes} 


1 


4 
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till that i inner Surface which is Kill rut 
above it, be loaded with as Writ 4 
Weight of er as chat ae can | 
Foam 2 R 
Tante avight Notion of bs Alot” : 
| 8 Sap in Vegetables; the Suction of 
Fluids by eee :Mitb all Wy 
mw Phenomena renutis of t that H. qe 
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Pro POSITI ON VII. 


| If a Body vice g righy en 3 
- but obliquel with wy to the Sur- 
face of er, Gee y, at length comes 
ſo near that Pon as to be diſpoſed by 
the Principle of Attraction of Echeſion | 
to tend towards it; inſtead of conti- 
nuing to go right-on, it will turn out 
of its Way towards that Body before it 
comes at it; and conſequentiy Will 
ſtrike or enter it in a nearer Place, and 
in a leſs oblique Direction, than it would 
have done, in caſe it had gone right on. 
| Tt it enters 1 RY: it * keeps turn 


738 ing 


r Ao | tu 


ing out of its Courſe the ſame way as. 
before, tillit has got ſo far within itz thnar 


there ſhall be as many Particles of the 


Body behind it to attract it backwards, 
as there are before it neat enough to 


attract it forwards: : Aﬀer which it goes 


right on in its laſt acquired Direction, 


till it comes near the other Side; for 
while it is ſurrounded with as many 
. Particles to attract it one Way as ano- 
ther, it is the ſame Thing as if it were 
not attracted at all. When it has 
got ſo near the other side, that there 
are fewer Particles before it. to attract it 
forwards, than there are behind it, near 


enough to attract it backwards, it then 
begins to turn out of its Courſe . 


the Inſide of the Body; that is, from 
that Side of the Body towards Which 
it is going: and continues to bend its 


Courſe the ſame Wap, till it has got ſo 
far out of the Body, that there are no 
Particles of the Body behind it, near 
| enough to it to attract it ** more. 
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canker an 1 


Aſter which it 
Courſe 1 9 Direction it ne _ 


„ 


auf * of * 


5 We © Js 4 


nde of Light with all the Phæ— 
nomena ariſng therefrom ; which are 


OO e e 90 RY! 
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ProrosirIoR VIII. 


„ 8 a 


If fetetal Bodies be moving r 


3 Fer warde, and at length be n . 15 
another Body, as ſuppoſed in the fore- 


going Propoſition, but ſome with great- 
er Degrees of Force or Intenſeneſs than 
others; thoſe which are attracted with 
the greateſt Force, will turn the fartheſt 


out of their Way towards that Body; 


and conſequently ir all of them, before 5 


this happened, were moving in one 
Direction, they will be made to part 
from, each other, and move different | 
FW IRS: 7 


" AED 
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fangibility of the Rays of. Is 85 


Pieresirten . 


II a Bly be projected or Ag. 
from another Body towards which it 
has a Tendency, i in conſequence of the 


firſt Principle, its Motion will be re- 
tarded continually; that is, it will 
move flower and ower: If it be pro- 


jected towards that Body, its Motion 
will be continually increaſed ; and un- 


lefs it be made to move directly to or 
from it, its Courſe will always ke 


bendling towards it, ſo that: it ſhall de- 


ſeribe a Curve, concave, or 9 on 


12 Side next the Body. 1 


Bodies, and of Feen 7 


| PrororrT ron x. 


17 a Body, that by the firſt Princip 
| tends towards another * is ſuffered 


8 % 


| eo 
1 un WTR 5 the Aiferent N 


"fa all 5 i f culling 755 


to 


= 
m—_— 
' 


. * 
Ms 


* 


5 * - 1 : , » \ k f 
o , x F c p 
MIN | 1 
. n = Y . N ' * 7 a . = i. | . 9 \ = i { 
© 53 4 dIs : P R E F I ' | 8 f 5 
: t 1 « 1 1 : N * + * 4 A 
N Y * 1 \ : 
PK . 0 111 ! \ E. N 1 s - U 
” N 9 , 


to move towards it on the Surface of 
an inclined Plane, its Motion (as in the 
foregoing Propoſition) will be continu- 
ally increaſed ; and if it is made to move 
from it on the ſame Plane, its Motion 
will be retarded continually, but leſs in 
Proportion to the Obliquity of the 
Plane: (that is, leſs in Proportion as the 
Plane deviates from the Perpendicular) . 
the Interpoſition of the Plane prevent-- 
ing in ſome Meaſure the Effect which 
its Tendency to the other Body would 
otherwiſe produce. And the Velocity 
- it acquires by rolling down one Plane, 
will, by Virtue of its Inactivity, or that 
5 Dif] oſition Bodies have to continue 
their State of Motion or Reſt, enable it 
to roll up another fitly diſpoſed. 


Hence the Solution of. the Phænome- 

na of Bodies deſcending on inclined. 
Planes, and #he Vibration of Pendu- 
lums. 2 . 1 7 | Sk, : | 4 > "4 TR 


* . * F * f * 
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rection it had when it was there be- 
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| ProyostTiON. XI. 
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1 a „ vs BY ano- 
hp be cauſed to move to or from it, 
in any other Direction than ſuch as 
paſſes through the Center of that 
other Body, the moving Body, when left 
to itſelf, will begin to bend its Courſe 


towards that other Body; and if the 


Direction it moves in, and the Velo- 


2 it moves with, be properly ad- 


juſted to each other, it will move 


1 round that Body without toueh- 
ing it or coming to it; and if that 
Adjuſtment be ſuch, that the Body £7 
ſhall return to the Place it ſet out 


from with the ſame Velocity and Di- 


fore, it will revolve round that other 


22 over ee oyer . in he ly 1 
Ces ] 


f 2 4 


From 
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'. tbe Motion of the primary Planets. 
round the Sun, and Ns the . | 


3 0 ones uad the e 


Prorosirlex XII. 


5 a Body be rale . ano- 
"x; as in he laſt Propoſition, i and a 
third Body approaches them, towards 
which they both ſhall alſo tend, the 
Motion of he zevolving Body will be 
_ diſturbed: That is, its Pte will be 
Altered, and Irregularities in its Courſe 
will enſue; ; becauſe its Tendency to 
that third Body in fome' Parts of its 
Courſe will ea with, and in others 
perhaps be oppoſite to its own Motion. 
And not only ſo, but the Tendeney it 
has to the Body about which it revolves, 
vill in ſome neee be increaſed, and 
in others be diminiſhed by the A ien | 
of the third; which will "1G conduce 
"towards altering its Cork. 
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than they do towards the Body they 
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Fiete the Lunar regularities, 8 
all other Diſturbances in the Motion 


of the Heavenly Bodies, on their 100 
near 3 [noards cach other.” 800 


| Proro3iTION XIII. 


"Tat a "lane Body 9 al 
over with ſmaller. ones tending to its 


Center: Suppoſe alſo. a diſtant Body, 


towards which they all tend, but the 
little ones. with leſs Degrees of Force 


cover. Then will ſuch of | thoſe 
ſmaller Bodies, as are neareſt. o the diſ- 
tant one, loſe Part of their Tendency 


to the Body they cover; and ſo will 
thoſe ſmaller ones which are fartheſt 
off, or placed on the oppoſite Side the 7 
But, as to thoſe ſmaller 


large Body. 
Bodies, which are at the ſame Diſ- 


tance from the diſtant Body with the 


W of the W Body itſelf, their 
AIP MY Tendency 


EY T Mn to the Body they lie upon, 
will be increaſed. The reſt will have 
their Tendency increaſed or diminiſhed 
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more or leſs, according to their Near- 
neſs to thoſe whoſe Tendency is in- 
creaſed or diminiſhed the moſt (d). 


Hence ariſes the Difference in the 


5 Weight: which Bodies have upon the 
__, Earth's Sur face, at the Approach and 
Departure of the Heavenly Bodies, (but 


chiefly. of the Moon,) to or from that 


_ Side of the Earth where the Bodies are; | 
and conſequently the ebbing and flowing | 
of the Sea, be Water riſing where its 


Weight or Tendency to ibe Earth is di- 


 miniſhed, and Fabing at the ſame Time 
in thoſe Places where its . eight 1 


augmented. That the Approach and 


; Departure of the Moin fbould cauſe 
24 greater Difference in ibe Weight « 
: Bodies on the Earth, than the Approach 


(d ) What i is affirmed i in __ 2 the foregoing C Propoſi- 
tion, depends on a Train of Reaſoning too long to be in- 


ſerted here. To underſtand it * read Chapters 


18th and 19th of Part the F 9 


5 and 
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If a Body, whoſe Parts tend to the 
Center thereof, conſiſts wholly of a 


Fluid, or be partly ſolid and partly 


fluid, provided ſome of the Fluid be 


at the Surface, and very diſtant Parts 


thereof communicate with each other; 
and the Body have no Motion about 
its Axis, it will ſettle into a ſpherical 
Form, the mutual Tendency of its 
Parts towards each other, contracting 
it into the leaſt poſſible Shape. But 


if it revolves 25 its Axis, all its 
"Ie Ly bi C Parts 


Pp R K FACE: _ 3 


an Departure of. the ther Heavenly 5 
Bodies, is owing to the Nearneſs of the 
Moon to the Earth; which Conſideration . 

in this Caſe N the Conſidera- 
tion of her Smallneſe, the above men- 
tioned Effects depending in a great Mea- 
fure, on the Proportion the Diameter of 


the Earth bears to the mats if the 
H. en Bodies. 


14 
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Parts will endeavour to fly off from 
that Axis; but ſuch as are fartheſt 
from the Axis, more than the reſt : 
Conſequently thoſe Parts in its Surface, 
which are the fartheſt from the Ex- 
tremities of that Axis, being alſo far- 


theſt from the Axis itſelf, will have a 


greater Endeavour to fly off, than 
ſuch as are nearer thoſe Extremities; 
beſides, as is evident, the former will 
endeavour to fly off directly from the 

Center, but the latter not ſo. The 
above-mentioned Endeavour therefore 
in the former will take off a much 
greater Degree of their 'Tendency to 
the Center than the Endeavour of the 
latter will; and fince the ſame may 
be ſaid of thoſe which are at any other 
aſſignable equal Diſtances from the 
Center, all thoſe which lie between 
the Center of the Body, and ſuch, as - 
are fartheſt from the Extremities of 
the Axis, will have their Tendency to 
the Center much more diminiſhed, 
1 LN | than 
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than thoſe will, which lie of Ok the 

Center and the ford Extremities: Theſe 
latter Parts therefore will preſs in to- 
wards the Center, overbalance the for- 
mer, and raiſe them to a greater Dif- | 
tance from it than they were at before, 

_ reſtoring thereby an Equilibrium of the 
Parts of the Body one among another. 
On which Account the Body will aſ- 
ſume a flattiſh or oblate Form. That 
is, ſuppoſing Lines drawn through the 
Middle of its Ais at right Angles there- 
with, thoſe Lines will be lengthen'd and 
the Axis itſelf will be ſhorten' d. 5 


* 


"Jak the Figures of the e Peavenl I 
Bodies, | | 
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Fiess ric XV. 


The Impetus or Force wherewith a 
Body in Motion endeavours to proceed 
forwards, depends not only on the 
Jy of Matter in that Body, but 
e likewiſe 


CC 


% 
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| likewiſeonthe Swiftneſs the an 
with: Thus, the Stroke of an Hammer 
is not only according to the Bulk or 
Weight of its Head, but is alſo accord- 
ing to the Swiftneſs of the Motion it 
ſtrikes with. If therefore two Bodies 
of equal Quantities of Matter be ſuſ- 
pended at the Ends of a Lever of equal 
Arms, each of them when the Lever 
turns on its Center, having equal De- 
ees of Swiftneſs or Velocity, will 
therefore have the ſame Impetus or 
Force whereby they endeavour to pro- 


Ceed (being in like Circumſtances with 


reſpect to both thoſe Things, which 
alone can give the one a Force or Ten- 
dency to move with, ſuperior to the 
other) and conſequently neither of them 
will preponderate. If one of the 

Bodies be larger than the other, the 
larger Body having the ſame Velocity 
with the other, but more Matter, will 
have the Advantage, and preponderate. 
. the Arms of the Lever are unequal, 


| and 
< | 


PREFACE. xxxvit 
and the Bodies equal, that Body which 
is at the greateſt Diſtance from the 
Centerof Motion, moving the quickeſt, 
will have the Advantage over the other 
that Way, and overpoiſe it. So that 
the leaſt Body or Power, imaginable, Z 
. may be made to equiponderate, over- 
: poiſe, or keep in Motion the greateſt, 
by being applied to ſuch a 3 
and in ſuch Manner, that when the 
Machine moves, what it wants in 
Weight or Force, may be made out 
by the Velocity it has compared with 
the Velocity the Body has at the fame 
Time, which is to be equiponderated, & 
over- ne or moved by it. 


—_— 
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This holds equally in all Machines, | 
and i is the Fou e of their TROY can” 


Paoros1TION XVI. 


(% VV 


Imagine the Surface of a fink round 
Body to be covered every where, or in 
C 3 | Part, 


—_ > = 
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Dart: with ſmaller ones to an equal 
Height, and that theſe ſmaller ones 
PS towards the large Body by the 
firſt Principle; imagine alſo the whole 
| Maſs of ſmaller ones divided into Co- 
lamns reaching from Top to Bottom; 
thoſe Columns, if their Baſes be equal, 
will equiponderate, or be an equal 
Counterpoiſe to one another; N ſo 
they will, if their Baſes be unequal: 
For in this Caſe the Columns being of 
unequal Size in Diameter, if a larger 
Column ſubſides, the lower Parts of 
that Column (to find Room for them- 
ſelves) will raiſe a ſmaller Column 
farther than the larger one ſettled in 
the ſame Time, and in ſuch Proportion 
that, what the little Column wants in 
Weight, will be made out to it in 
Velocity; and conſequently, accord- 


he ing to what was ſhewn in the fore- 


going Propoſition, the little Column 
will be a juſt Balance to 25 greater. 


Farther, 
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Farther, if in the above-mentioned _ 
Suppoſition, there be a Body among 
thoſe ſmaller ones, heavier than a 
Bulk of them equal to its own 7735 

a Column of which that Body is a 

Part, will be heavier than any — 
Column of an equal Baſe; it will 
therefore ſubſide, permitting the Body 
to come to the Bottom: if the Body 

be lighter than a Bulk of the ſmaller 
ones equal to its own Bulk, a Column, 
of which it makes a Part, will be 
lighter than any other; the Body 
therefore will be buoy d upwards, till 
it riſes fo far out above che Surface, 
that it, together with che. Column 
below it, may be a Counterpoiſe to 
another Column of equal Baſe. 


How 4 1850. of th Preſſure of 


Fuids upon one another, and upon 
Solids e 7 in them. 
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Imagine a Surface of a large 
99 Body covered every where, or 
in Part, with ſmaller ones to an equal 
Height; and that theſe ſmaller ones 
tend towards the large one by the firſt 
Principle, and that they are at the 
ſame Time diſpoſed to fly from one 
another by Virtue of the third, con- 
ſtituting thereby an elaſtic Subſtance 
ſurrounding that large Body, as in 
Propoſition. the ſecond ; and let them 
be divided into Columns, as in the 
laſt Propoſition. And let it be far- 
ther ſuppoſed, that the Diſpoſition in 
thoſe ſmaller Bodies, whereby they 
endeavour to depart from each other, 
is capable of being increaſed by Heat; 
and that at the Bottom of ſome of 
theſe Columns, that Diſpoſition is ac 
tually increaſed, but no where elſe, 
or at t tall not in ſo * a Degree: 


then | 
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then will the Bodies, where that Diſ- 
poſition is increaſed, diffuſe them- 
| ſelves into a larger Space, and ſo 
taking up more Room than an equal 
Number in the neighbouring Columns, 
a Column of which they are a Part, 
will become lighter than a neighbour- 
ing one of an equal Baſe. For, ſince 
the Bodies in the lower Parts of this 
Column are more diſtant from each 
other, than fuch as are in other Co- 
lumns, this Column cannot contain ſo 
many of them; that is, it cannot be 
fo heavy as another of equal Baſe, un- 


leſs it be longer; that 1s, unleſs the 5 


uppermoſt Parts thereof ſtand out 
above the Tops of the neighbouring 
Columns; but this they will not do; 
for by Virtue of the Tendency thoſe 
Parts have to the large Body, they 
will immediately (like Water raiſed 
above the Banks, which before con- 
fined it) ſpread themſelves every Way. 
This Column therefore, which, ac- 


cording 
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cording to the foregoing Propoſition, 


before this happened, was a Counter- 

| poiſe to thoſe, which are round about 
it, being now become lighter, is. no 
longer ſo. The Conſequence of which 
is, that the lowermoſt Parts of the 
neighbouring Columns, will preſs in 
under this from all Sides to reſtore the 
Equilibrium. Neither can the Equi- 
librium be reſtored, ſo long as the 


Place we have Nen conſidering re- 
mains hotter, than thoſe which are 


round about it. For, ſince the Bodies 


that come in, will ſpread themſelves 


into a larger Space by Means of the 
Heat they receive there, and fill up 


more Room, than the like Number in 


; another Column of equal Baſe, the 


Column to which they belong, will, 
for the Reaſons eee al- 
ways be lighter than another of equal 
Baſe. And conſequently, according 


to the Tenour of the foregoing Pro- 


paſition, the neighbouring Columns 
Dt will 


c | 


will overpoiſe it, whatever Dimenſions, 
as to their Baſes, we ſuppoſe them to 


Imagine the. like to happen to à Co- 
lumm or Golumns of the Earth's: At- 
 moſphere," and the lower Parts of the 
neighbouring Columns ruſbing in ac- 
cordingly at the Bottom from all round, 
and you have an adequate Idea of* the 
Cauſe and Nature of the Winds; 
every. Stream of the Particles of the 
Atmoſphere ruſhing in, as above, being 
à diiſtinct Wind blowing from that 
Point | of the. Compaſs from which they 
come. And i, you conceive the Center 
of that warmer Space to ſhift its Place 
variouſly upon the Surface of the Earth, 
you then get the Idea of the ſeveral Sorts | 
of. them, as the Trade Winds, Moon- 
ſoons, &c. For Inſtance, if it ſhifts re- 
gularly along the ſame Path, it cauſes 
Trade Winds; if now forwards, and 
then backwards, Moonſoons, &c. 


Theſe 


* 


| per 70 be taken Notice 1 before I put an 


> PREFACE. 


* Theſe 0 are gy Principal ee | 


in Natural Philoſophy that are inde- 
| | pendent of each other ; the reſt are for 


the mot Part, no other than ſo many 
particular Caſes, Circumſtances, or Con- 


TT fequences of theſe, or, in ſhort, one Way or 


_ other related to them. For the Solution 
of which, 1 GA y e 10 rhe * a 


Vel, 


e a due C onfideration of the Pro- 


. pofttions bere laid down, the Reader will 


be able to form a true Judgment of the 
Mature and Buſineſs of Natural Philo- 
ſophy; will ſee the Uniformity and Con- 
fiſtency of the ſeveral Parts thereof with 
each' other, and therein the wonderful 


' ' Wiſdom and Contrivance of the ſu- 


preme Being, in chooſing ſo ſport and 
eaſy a Method of 3 jo . a 
Far 1 . 8 E 


AY 
. 


8 is one Thing more 1 think pro- 
* 


PREFAGE. ue 


End to this Preface; viz. That it has 
been 4 ftanding Objeftion againſt all 
Natural Philoſophy in general; that 
whereas it aſcribes Effects to natural or 
mechanical Cauſes, acting by fixed and 

unalterable Laws, ir therefore excludes 
à Providence and the immediate Care 
and Protection of the ſupreme Being, _ 
making him no other than an Idle oper 
tator of Things here belbw. 


1 Anſwer to this, it 1s to be confi- 
ered in the firſt Place, that the Prin- 
ciples of the Philoſophy which is now re- 
hi. are ſo far from being mechani- 
cal Cauſes, ar leaf? thoſe which are here 
made Uſe of, that, as , e I 
ed (e), they are the very Reverſe = 
conſequently can be no other than 1 
continual acting of God upon Matter, 
either mediately or immediately. Conſe- 
_ quently Natural Philoſophy, by endea- 
vouring' to account for tbe Phznomena of 


(5) See Note (2) of as fue. 92 i 


— 


Alvi P R E FAC k. 3 
IN. aten * thoſeP rinciples, is ſo far ws 
excluding the Deity from being concern 
eld in the Affairs of this World; that it 
= Zends to ſhew that none are performed 
without him. Neither, ſecondly, does 
Natural Philoſophy inculcate, that the 
Laws by which thoſe Principles act, are 
fixed 82 unalterable : the Ae 
is therefore foreign. But to confider this 
SEO _ a little more nene ogy 


"2 ww” in Natural Philofpby, | 
Principle is ſaid to af according 10 a 
| | particular Law, the Meaning is not, 
© that it atts neceſſarily and unalterably 
| ſo; but only, that it does ſo ordinarily, 
and in common Caſes. Doubtleſs the 
Author, both of Matter and of thoſe 
very Principles by which it afts, can, 
notwithſtanding thoſe Principles, cauſe 
it to aft differently from what it would 
do in conſequence of them alone, and fo 
Ey that Means produce Effects contrary 
10 _ common Courſe of Nature, when- 
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ever he ſhall think proper. That he has 
done ſo, when wiſe Ends require it, ap- 
pears from Hiſtory. That it may be © 
done a Thouſand Ways, unperceived by 

us, is evident. For Inſtance,” though 
Lightning may be accounted for by theſe 
Principles; and in all Probability is or- 
dinarily the Reſult thereof ; yet who wil! 
affirm, that in any one particular Caſe, 
thoſe. Principles formed that very Light- 
ning, or that its Courſe was directed by 
them Upon the whole therefore, to pre- 
ſume, that the ordinary and common 
Courſe of Nature is not ſometimes al- 
tered, is haſty and unwarrantable, 
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The INTRODUCTION. 
AO wild and; |extratlagant- have bens e 


both ancient and modern, that it is hard: 
- to determine; whether they have beet 


more diſtant in their Sentiments from Truth, 
or from one another; or have not exceeded tie 
Fancies of the moſt fabulous Writers, even 


Poets and Mythologiſts. This was owing to a 
precipitate Proceeding in their Enquiries, and 
a Neglect of Geometry and Experiment; with- 
out the Aſſiſtance of which, it is impoſſible the 
N of natural Agents ſhould be diſcovered. , 


Fur Manner of Philoſophizing among the: 


Ancients * to aſeribe to Bodies certain arbi-. | 


730 J. „ he ec 


Notions of a great Part of Fhiloſophers | 


© 


N 


3 Situation of Bodies among one another, which o 
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trary Properties, ſuch as beſt ſerved their KW 5 


ofe in accounting for the Phenomena * of ; 
Vature ; Low whence proceeded ſo many vari- 


5 ou Sects of Philoſophers; every one aſſigning 
. different Cauſe to the ſame Appearance, as his 
5 Genius and Imagination led him. 


E E chief Agreement obſervable among 


15 moſt of them, conſiſts in this, viz, that they 


conceived all Bodies, as Compoſitions of Air, 


Earth, Fire, and Water, or ſome one or more 
of them, from ' whence theſe acquired the. 


Name of Principles, or e which they 


* 


Kill retain, 5 . 


E PICURUS advanced a . Ca Pe 


aſſerted, that though Bodies conſiſted: of ſoma 


one or more of theſe, yet that they were not 
ſtrictly Elements, but that theſe themſelves con- 


ſiſted af Atoms; by an accidental Concourſe 


af which (as they were moving through. infinite 
Space in Lines nearly parallel) all Things re- 


ceived their Form. and Manner of Exiſtence f. : 


Domes hiv contrived:an. W | 
"ip different from. the reſt: * out in pot 


By 4, Phenomenon. of Nature, is meant n 


rs itſe . 


the Notice of our Senſes, _ is * the immediate Reſult of 
the Action of an intelligent B 


+. For the Opinions of 2 ancient d fob conſult 
Diogenes Liertins, and — $ Lives, * ny 
| Suppo- 


— 


. rer Bro. ry 


ippoſition: that the Univerſe at firlway eftires " 
Tull of Matter; that from this Matter, when 
_ firſt put in Motion, there would neerſſarily be 
rubbed off (by the grinding of the ſeveral Parts 
one againſt another) ſome Particles ſufficiently 
fine to paſs through the hardeſt and moſt ſolid - 


Bodies without meeting with any Reſiſtance: 


Of theſe conſiſts his Materia abe, or Mate. 
ria primi Elements. He imaginedꝭ that from 
henee alſo would reſult oe? Particles, of a 

obular Form; to which he gave the Nams 
of Materia ſeound? Elementi. Thoſe ieh did 
not ſo far loſe their firſt Figure, as to eme 


under the Denomination of Materia Prim? or 


Jecundi” Elementi, he called Materia tertii Bleu 
menti; and maintained, that all the Varietys 
which appears in natural Bodies, was owing to 

| r 1 Combinations of thoſe ICON. 2s 


Hr kewifo: f ppoſes, chat God — "Y 
certain Quantity f Motion, and aſſigned it 

to this MaG of Matter; and that thar Mo- 
tion (being once created) could no more be 
annihilated, without an omnipotent Hand, 
than Body itſelf: In Conſequente of ' which} 
he was obliged to teach, that the Qgantity orf 
Motion is always the ſame : So that, if all the 
Men and Animals in the World were moving, 
yet ſtill there would be no more Motion than 


When they were at Reſt, the Motion Which 


* had not, when at Reſt, being transferred 
| | Eh 2 ei ts > 
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5 to the Ether. 80 unaccountable are the * 
tions of this great Philoſopher, that it is ſur- 
prizing bis Doctrine ſhould have met with ſuch 


univerſal Reception, and have got ſo 9 8 a 
. of Aenne, on its Side. 
15 


et: 


Dex: Canes has. been ſald, by aff 3, 


5 Writer *, to have joined to his great Genius an 
exquiſite Skill i in Mathematics, and, by mixing 


Geometry and Phyſics together, to have given 
the World Hopes of great Improvements in 


te latter. But this Writer ought to have con- 


ſidered, that what he looked upon, in Des 


ART ESs's Book of Principles, as Demon 
ſtrations, are only Illuſtrations, there not being 
a Demonſtration from Mitts he in all his Fhi- D 

| wo Works ae 5 


. of Philoſophizing, . 
eſtabliſhed by Sir Is AA NEw.ToON, is to 
find out the Laws of Nature by Experiments, 


and Obſervations... To this, with a proper 


Application of Geometry, is owing the great 
Advantage the preſent Syſtem of Philoſophy 


has over all the preceding ones, and the vaſt 


Iemprovament it has ive within: the laſt 


r 1 


* Mr. Won, i in his Reflegions on ancient and modern S 


; Learning. 


+ See this Subject diſcuſſed 1 more at nes in Keil's Intro- 
aalen to N Examination 7 Dr. e Tx; | 5 
Age. 


1. INTRODUCTION: I. 


It is indeed in vain to imagine, thats 3 
Syſtem of Natural Philoſophy can be framed 
by any other Method for without Obſerva- 
tions it is impoſſible we ſhould diſcover the 
Phænomena of Nature; without Experiments 
we muſt be ignorant of the mutual Actions of 


Bodies; and without Geometry we can never 


be certain whether the Cauſes we aſſign b 


proportionate to the Operations we would ac- 5 


count for, as the various Syſtems of Philo- 
ſophy built on other Foundations enn 
N | D Wi | 
Tuts Way of ſearching 'into Nature was 
firſt propoſed by my Lord/Bacon , proſe- 
cuted by the Royal Society, the Royal Academy 
at Paris, the Honourable Mr. Boy LE, Sir 
Is AAc New TON, Se. 2 90 \- 
F LL | 

Wurar wondetful Advanceme t in the 
Knowledge of Nature may be made by this 
Method of Enquiry, when conducted by a 


Genius equal to the Work, will be beſt under-  * 
ſtood by conſidering the Diſcoveries of that 


Pa Te Philoſopher laſt mentioned. To Him 
it is 5 owing, that we have now a 
rational Syſtem of Natural Philoſophy ; tis 
He, who, by purſuing the ſure and unerring. 
Method of Reaſoning from Experiment and 


41 „ - * See his Mees Organum 5 | 
D A 3 | Obſer- 
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| Obſervation, joined with the moſt kn OR 
Skill in Geometry, has carried his Enquiries 
to the molt minute and inviſible Parts of M Mat- 
ter, as well as to the largeſt and maſt remote 
Bodies in the Univerſe, 4 — has eſtabliſhed a 

Syſtem not ſubject to the Uncertainty of a mere 

1 but mo ſtands wren he e 
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The Propertivs f Billy: 


1 being 188 Delig n of Phyfes, or vl % 
Philoſophy, to b or the Pheno- - 

mena of 1 Material World, it is neceſſary 
to. begin with laying down the known Pro- 


0 


oe of Body. 
Y HE SE are, 1. Solidity. Extenſion. 
5 Divifbility. A Capacity Fram being moved 
rom Place to $25. A alſwenefs or In- 
activity. | 
3 Sor iv tr x, called alſo Imp bebettablllth, 
is that Power which Body has of "excluding a alt 
others out of its Place. | 


Tu ar Body, a as ſuch, rſt be endued with 


this Property, follows from its Nature, for 
otherwiſe two Bodies might exiſt in the ſame. ' 
Place; which is abſurd. The ſofteſt ate equal- 
ly folid with the hardeſt ; for we find, 15 Ex- 
periment, that the Sides of a Bladder, filled 
with Air or Water, can by no Meatis made 
| v come cloſe REY 0) 

e hs 0 5 TAT 


| At Paine d allow Globe 6f Gold was filled with Wa- 
ter, and then exactly cloſed ; the. Globe thus cloſed was put 
into a Prefs driven by the Fotce of Screws; the Water, find- . 
ing no Room for 4 Jurer Approach of its Particles towards 


Metal > 


28 other, made its Way 1 11 5 the Porez of that clole _ 
| 4 ; 
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Ak The Properties of Body. Part I. | 


ts. Tu Ar Body is extended, is ſelf-evident, 
it being impoſſible to conceive any. Body 
which has not Length, Breadth, ang Thick- 


neſs; that is, Extenſion. . - 
2. IT is no leſs evident, that Body is divi- 


4 for, ſince no two Particles of Matter, can 


exiſt in the ſame Place, it follows that they are 
+ really diſtin& from each other, which 18 all 


that is meant by being diviſible. 
IN this Senſe, the leaſt conceivable Particle 


muſt ſtill be diviſible, ſince it will conſiſt of 
Parts which will be really diſtinct . To il- 


luſtrate this by a familiar Inſtance: Let the 


Teaſt imaginable Piece of Matter be conceived 
lying on a ſmooth, plain Surface; tis evident, 
the Surface will not touch it every where; 
5 thoſe Parts, therefore, which it does not touch, 


may be ſuppoſed ſeparable from the other, and 


991 


1 Metal, fanding in Drops like Dew on the Outſide, before FI 
- Blobe would yield to the violent PRs. of the A 
> OS ng del Ciment. | 7 4 | 


Y ; 
* This Propoſition i is . Seen thus: 1 
poſe the Line 4D (Fig. 1.) perpendicular to BF, and another, 


as H, at a ſmall Diſtance from it, alſo per ndicular to the 
ſame Line! with the Centers C, C, C, &c. deſcribe Circles cut- 
ting the Line GH in the Points e, e, e, c. Now the greater 


the Radius AC is, the leſs will be the Part e H. But the Radius 
may be aügmented in infinitum, - So long, therefore, the Part 


EA may be divided into itill leſs Portions ; conſequently it may 
be divided i infinitum. Q. E. D. V. Keil's Introd. on Phyſ. ral, 
. 4 8. ORE s Elem, Math. Oe] 4 1. bY 4+ Schol. | 
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9 on. N. far as we e * this} is all hat | 
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is meant, when we 1 Matter” is” wa 
diviſible.” | 

How far Matter may acdually * divided, 
may in ſome Manner be conceiv d from hence®; 
that a Piece of ſmall Wire, gilt with fo ſmall a 


Quantity as eight Grains of Gold, may be 
drawn out to a Length of thirteen Thouſand 
Feet, the whole Suriaoe of it ſtill mae 
coverd with Gold +. 3 | 
A Quantity of V irelol, being diffolved na 
mix'd with nine Thouſand Times as much 
Water,” will * tinge the whole, conſequently 
the Vitriol will be divided into as-many Parts 
as there are viſible Portions of Matter in that 
Quantity of Water 5. 19 | 
THERE are Peruns, which without a ſon 
fible Diminution of their Quantity, ſhall fill 
a very large Space with their odoriferous Par- 
ticles, which muſt therefore be of an incon- 
| ceivable Smallneſs, fince there will be a ſoffi- 


We Fan a cirprizin 3 of the Minuteneſs of 9 
parts of Matter, from the Nature of Light and Viſion. Let a 


Candle be lighted and placed in an open Plane, it will then be 
_ viſible two Miles round, conſequently was it placed two 
Miles above the Surface of the Earth, it would fill with lumi- 
nous Particles a Sphere, whoſe Diameter was four Miles, and 

that before it had loſt any ſenſible Part of its Weight. The 


Force of this Argument will appear better mam the Reader is 
1 with the Cauſe of _ 


1 Kalb Introd. Ahn. Prod $: vio hace 
__ 28. 5 


. Mem. de Acad. 905, eee Pon, 
. . dient 


Not 3. 
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Fan every Part of chat Space, ſen- | 


ſibly to affect the Organ of Smelling. 


9-4 Trar all Matter is moveable, . | 
| from its being finite; and to ſuppoſe it poſi 


tively infinite is en becauſe it confiſts of 


| Parts W | 
88 Br the Paſſivenef or IaQivity of Mats 
ter: (commonly call'd its Vi Inertiæ) is meant 
the Propenfity it has to continue its State of 
Motion or Reſt, till ſome external Force acts 
upon it. This will be farther explained under 
the firſt Law of won in e 4% 1 een ' 


of this: Pert. 


Ng 3 . 


CHAP I. 8 
eo Liu, 


15 LAC E void of Matter i is «called eimpty I 


pace, or Vacuum. 
Il. Ir has been the Opinion of fme Phi- 


loſophers, particulatly the Curtefuns, that Na- 
ture admits not a Vacuum, but that the Uni- 
verſe is entirely full of Matter: In cot 


quence of which Opinion they were oblig'd 


to aſſert, that if evety Thing contain'd in a 
| Veſſel could be taken out ot annihilated, the 


Sides of that Veſſel, however ſtrong, would 


come together; but this is contrary: to Expe- 


See Mr. Law $ Tranſlation of — King ae * Mali. 


* 


Chap. . 55 + Facuum.. B 

' rience, for the greateſt Par ofibe Airmay 
drawn out of a Veſſel by Means of the Air» 
Pump, notwithſtanding which, it will remain 
whole, if its Sides are ſtrong enough to ſupport 
the Weight of the incumbent Atmoſphere. 
III. Su our p it be objected here, that as it 
is impoſſible to extractall the Air out of a Veſſel, 
and that there will not be a Vacuum on that 
Account; the Aaſwer is, that ſinoe a very great 
Part of the Air, that was in the Veſſel, may be 
drawn out, as appears by the more quick De- 
ſcent of light Bodies in a Receiver * when ex- 
hauſted of its Air, there muſt be ſome Vacuities 
between the Parts of the remaining Air; which 
is ſofficient to conſtitute a Vacuum. Indeed to 
this it may be objected by a Carrefian, ' that 
thoſe Vacuities are filled with Materia ſubtilis, 
that paſſes freely through the Sides of the Veſſel, 


and gives no Reſiſtance to the falling Bodies: 175 
But as the Exiſtence of this Materia ſubtilis can 


never be prov'd, we are not oblig d to allow the 
Objection; eſpecially ſince Sir Is A AC NE] ˙ a 
has found, that all Matter affords 1 Reſiftance 
nearly in Proportion to its Denſity . 

THERE are many other Ard to 
this, particularly the Motions of the Comets 


A Veſſel cannot be entirely exhauſted of its Air, becauſe 


the Action of the Pump depends on the Spring of that which 
remains in the Veſſel. 


y this Term is meant any Veſſel, out of which we ex. 
tract the Air by the Air-Pump. 


Newt. Principia, Lib. 2. Prop. 31. & 40. & Opt. Edit. 
» Book 3; Quer. 18, 19, 20, 21. "os LeR. 1. Ann. 2, 


through 
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through the Heavenly Regions without any 
ſenſible Reſiſtance ; the different Weight of 
Bodies of the ſame Bulk, &c. but thoſe being 


not yet explained, are not ſo prope to by _ | 
| fron on in this Place. e 


18 
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2 Auructin and Repulj n. 


1. | 3 1.7 ) ESIDES. Fs forementioned Proper 


ties of Matter, it has alſo certain 


Powers or active Principles, known by the 


Names of Attraction and Repuljion, probably 


not eſſential or neceſſary to its 9 but 
; impreſſed upon it by the Author of its Being, 


for the better Performance of the Offices for | 


which i it was deſign'd. 


II. ATTRACTION. is of . 1. Co- 


hefion, or that by which minute Bodies, (or 
the. ſeveral Particles of the ſame; Body) when 


placed aſunder at very ſmall Diſtances, mutu- 
ally approach each other; and then adhere or 


ſtick together, as if they were but one. 2. Gra- 
+. Vitation, or that by Which diſtant Bodies a& 
upon each other. | 


III. Tre. Attraction of Coheſion i is s prov'd 
from Abundance of Experiments, of which ſome 


£ of the moſt obvious areas follows: . 


” 8 ** 
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Chap hs, Aurabtion yy Repul, Jhon. 13 


1. Lx r a ſmall Glaſs Tube (commonly calłd 

a Capillary Tube) open at both Ends, be dipt 
into a Veſſel. of Water, the Water will imme 

diately riſe up in the Tube to a certain Height 
above the Level of the external Water. This 

5 Riſe of the Water in the Glaſs Tube is manifeſt- 


ly owing to the Attraction of thoſe Particles of 


the Glaſs, which lie in the inner Surface of the 
Tube immediately above the Water: Accord- 
ingly the Quantity of Water raiſed is always 
found to be proportional. to. the ets of- 
that Surface 

2. LzT-two Spheres * Qvickſilwer be 
placed near each other, and they will immedi- 
ately run together, and form one Globule. 
IV. TER Laws of this Attraction are, Pos 
5 That it acts only upon Contact, or at very ſmall 
Diſtances; for the Spheres, mentioned in the 
laſt Experiment, will not e each other, 55 


+ "The Heig hts N the Water riſes to in hs Mages >: 
are obſerved 8 be reciprocally as the Diameters of the Tubes, 
from whence it follows, that the rr es raiſed are as che. 
Surfaces which raiſe them. | 


Dow Let there be 1 the Dar of PO feſt 
p 1 to that of the ſecond, the Water will raiſe half as high 
in the frſt as in the ſecond: Now was it to riſe equally high - 
in both, | the'Quantity' in the firſt would be four Times as great 
as in the ſecond, (Cylinders. of j ual Heights being as the 
Squares of their Diameters; 11. LI. 14.) t - SAL 2A fince it is 
fund to riſe but half as high, 15 Quantity is but twice as 
much, and therefore as the Diameter; but the Surfaces of 
Cylinders are as their Diameters, therefore the Quantities'of 

ater raiſed are alſo as the Surfaces. Q. E. 95). 

See the — this ** tad ads + 
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? ail they: are- plac'd very near. 2. It acts accord- 
ing to the Breadth of the Surfaces of the at- 


ttacting Bodies, and not according to their 


Quantities'of Matter. For, let there be two 
poliſh'd Glaſs Plates laid one upon another, in 
ſack a Manner as to touch at, one End, os 
there make a very ſmall Angle: If two une 
qual Drops of Oil be put between theſe Plates, 
ar equal Diſtances from the Line of Contact. 0 
__ that the leaſt may touch both Glaſſes, 
will then both move towards the Ends that | 
touch, becauſe the Attraction of the Surfaces 
inclines that Way ; but the- largeſt, touching 
the Glaſſes in moſt Points, will move the faſt- 
eſt. 3. Tis obſerv'd to decreaſe: much more 


| _ than as the Squares of the Diſtances of the 


attracting Bodies from each otherincreaſe: That 
is, whatever the Force of Attraction is at a 
given Diſtance, at twice that Diſtance it ſfrall 
a be more than four Times leſs than before . 
V. From hence it is eaſy to account for the 
different Degrees of Hardneſs in Bodies; thoſe 
whoſe conſtituent Particles are flat or ſquare, 
and ſo ſituated as to touch in many Points, 
will be hard- thoſe Particles which are more 
round, and touch in fewer Points, will conſti« 
tute a ſofter Body; thoſe which are ſplierical; 
or nearly of that Figure, will ATT Fluids 


? al Cipera; Ed: 40, pababe- 4 
+ See Rabault in the Notes, p. 105, 108: keen 
1 Chap. J. 9 A; in the. Notes. Newtoni.. . 335. 


* ; g | | 3 ar- 


of heavy Bodies towards the Earth. 


1 Qing! n.. — 13 


VI. ArTRACTION of Gravitation is that 
by which diſtant Bodies act upon each other. 
Gf this we have daily Inſtances in the falling 


VII. Fun Laws of this Attraction are, 4 
That it decreaſes, as the Squares of the Diſtances 
between the Centers of the attracting Bodies 


increaſe. ' Thus, a Body, which at the Sur-. 
face of the Earth (i. e. about the Diſtance of _ 


four Thouſand Miles from its Center) weighs 
ten Pounds, if it was placed four Thouſand 


Miles above the Surface of the Earth, (i. e. 
twice as far diſtant from the Center) as before, 
would weigh four Times leſs; if thrice as far, 


nine Times leſs, &c. The Truth of this Pro- 
poſition is not to be had from Experiments, 
(the utmoſt Diſtance we can coe Bodies: to, 


from the Surface of the Earth, bearing no Pro- 


E to their Diſtance from its Center,) 
but is- ſufficiently clear from the Motion ob- 


ſerved; by the. heavenly, Bodies. 2. Bodies at- 


tract one another with Forces 


to the Quantities of Matter they contain; for 


all. Bodies are obſerved. to fall equally faſt in 
the exhauſted Receiver, where they meet with 


no Reſiſtance. From whence it follows, tha 


the Action of the Earth upon Bodies is exact- 


ly. in Proportion to the, Quantities of Matter 


contain; for was it to act as ſtrongly 
upon a leſs Body as upon a larger, the leaſt 
* ö cafily put into Motion, 
would 
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would move the faſteſt. Accordingly, it is | 
obſervable, that the Weight of a Body is the . | 


hence it follows, that, was a 
Body to deſcend from the Surface toward the 
Center of the Earth, it would continually be- 

come lighter and lighter, the Parts above at- 
tracting it, as well as thoſe below; in which 


.. . Caſe, it is demonſtrated by Mathematicians, 


- 5d 3% 
+ +4 
* - 


that the Gravity would decreaſe with the Diſ- 
tance of the Body from the Center .. 
jVVVVVVVVVVVVVVVVV PAT. 


*  Graveſande, Lib. 4. Chap. 11. Cotes's Preface to Newton's 
Princip. 3 . 5 ; $34 
+ Dem. Let there be a Body as P (Fig. 2.) placed any 
where within a Concave Sphere, as 4B, and let us ſuppoſe it 
divided into an infinite Number of thin concentric Surfaces ; 
I ſay, the Body P will be attracted equally each N 
one of theſe, v. g. the interior HIKLM. Let there be Lines 
as IL, HK, &c. drawn through any Point of the Body P, in 
ſuch a Manner as to form the Surface of two ſimilar Figures; 
ſuppoſe Cones, the Diameters of whoſe Baſes may be IH, KL; 


4 
| Se I e 
1 * * Nu . 
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which let us ſuppoſe infinitely ſmall. Theſe Baſes (being as the | 


Squares of the Lines IH, KL) (2. Elem. 12.) will be directly, as the 
Squares of their Diſtances from (for the Triangles H, KPL,. 
being infinitely ſmall, are ſimilar.) But thoſe Baſes include all 
the Particles of Matter in the interior Surface, that are oppoſite 
to each other; the oppoſite Attractions are therefore in the 
ſame Ratio with thoſe Baſes, that is as the Squares of the Diſ- 
tances PK, PI. But the Attraction is inverſely, as the Squares of 
the Diſtances of the attracting Bodies, 5. 7. 2. e.:inverſely asthe 
Squares of the ſame Diſtances PK, þ; ; theſe two Ratios; 
therefore deſtroying each other, it is evident, that if the Con- 
cavity of the Sphere was filled with Matter, that alone, which: 
hes nearer the Cad than the Body, can effect it, the reſpective 


Actions of all the Parts, that are more diſtant, being equal, 
" 4 n * v7 7 1 | IS Ty 2 * 5 3 9 $# 3 3 P 724 In 20 7 
. | and 
4 


Chap: III. Artra 
| "| Scholiuni, Ir thay be proper to obſerve here; 

that when Philoſophers fpeak of Bodies gtavi- 
tating to, or attraftitig each other; that Body 
is ſaid to gravitate to another, which moves to- 


— ĩ˙ , oi Le Tn 


on und Repulfon. 17 


1 


wards it, while the other actually is; or appears 


to be, at Reſt; and this other is fad to attrat = 


the former; though indeed the Force being 


mutual and equal on both Sides (as will be ex- 


plain'd under the third Law of Nature) the 


fame Term might be apply'd to either the gra- 
vitating or attracting Body. (SS 


” 


Ir is farther to be obſery's; that when we 


of it, as if it proceeded from ſome ſuppoſed 
occult Quality in Bodies; but only uſe thoſe 
Terms to ſignify an Effect, the Cauſe of 
which lies out of the Reach of our Philoſophy: 


Thus, we may ſay, that the Earth attracts heavy 
Bodies; or that ſuch Bodies tend to, or gravi- 


rate towards the Earth: Although at the ſame 


and in contrary Directions, fince che ſame is demonſtrable of VL | 


of the remaining concentric Surfaces. Let us ſee then what E 

fe& that, which lies nearer the Center than the Body; will have 
upon it, which may be conſidered as a Sphere; on whoſe Surface 
the Body is placed. The Diſtances of each Particle of Matter 
from the Body, (taken collectively) will be as the Diameter of 
the Sphere, or as the Radius, f. e. as the Diſtance of the Body 


from the Center: Their Action therefore upon the Body will be 


inverſely as the Square of that Diſtance ; but the Quantity of 
Matter will be as the Cube of that Diſtance, (18 Elem. 12.) the 
Attraction therefore will be alſo in that Proportion. Now, 
theſe two Ratios being compounded, the Attraction will be 


_ uſe the Terms, Attraction or Gravitation, we 
do not thereby determine the Phyſical Cauſe 


only as the Diſtance of the Body from the Center. Q. F. D. 
5 Vor, I, B IE Time 


5 mY Htrraftion and FIPS — 


Time wwe are wholly i ignorant whether this i is ef- 


fected by ſome Power, actually exiſting in the 
Earth, or in the Bodies themſelves, or external 
to both. But it is impoſſible that any Error in 
dur Reaſonings can follow from hence ; as it is 


evident, that all the Conſequences of ſuch. 


Tiendency muſt be the ſame, let the Cauſe be | 


1A | where, or what it will. 
X. REPUL810N is that Property in Bodies, 


VP whereby, if they are placed juſt beyond tb 


Sphere of each other's Attraction and Coheſion, 
they mutually fly from each other. | 
Ir any oily Subſtance, lighter than Water, 


bde placed on the Surface thereof, or if a Piece, 
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of Iron be laid on Mercury, the Surface of the 
Fluid will be depreſs d about the Body laid on 
it: This Depreſſion has been by — aſcribd 
do a xepelling Power in the Bodies, which 
25 N the Approach of the Fluid towards 
mM. -- 
Bor it is more generally imputed to thin 
that the Particles of the Fluid attract each other, 
in theſe and the like Inſtances, more forcibly 
than they are attracted by the Body laid on it; 
and fo recede fiom the Body as far as the Gra- 
vity of the neighbouring Particles of the Fluid 
will permit them. | 
IT is poſſible, in ſome Caſes, to preſs or fores 
the Particles of different Subſtances, that ſeem 
to repel each other in this Manner, ſo near to- 


gether, that Fm ſhall — a each 
| other: 


Wer * — 


Chape II. Aurattion aut Repulfar., x9 
vther : As when we mix Oil. and Water till 
Tuts Property is however exceedingly ap- 
parent in the Partieles of the Air, which are 
endued with fo ſtrong a repulſive Foree with 
regard to each other, that they never could, by 
any Experiment yet made upon them, be com 
preſſed, or driven ſo cloſe together, but they 
would ſtill endeavour to fly from each other *. 
XI. BESID ES the general Powers before- 
mentioned, there are ſome Bodies that are en- 
dued with another, call'd Electricity. Thus 
Amber, Jet, Sealing - Wax, Agate, Glaſs, and 


moſt Kinds of precious Stones, attract and repe!l 


light Bodies at conſiderable Diſtances. 
Tux chief Things obſervable in theſe Bo- 
dies are, 1. That they don't act, but when 
heated. 2. That they act more forcibly when 
heated by rubbing, than by Fire. 3. That, 
when they are well heated by rubbing, light 
Bodies will be alternately attracted and repell'd 
by them, but without any obſervable Regula»: 
rity whatever. 4: If a Line of ſeveral Yards in 
Length has a Ball, or other Body ſuſpended at 
one End; and the other End be fixed to a Glaſs 
Tube; when the Tube is heated by rubbing, the 
Electrical Virtue of the Glaſs will be commu- 
nicated from the Tube to the Ball, which will 


attract and repel light Bodies in the ſame Man- 


* See a further Proof of this Repullive Force in Sir Jas 


| Newton's Optics, J. 3. _ Query 31, 


= 


ner, 


- 
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ner, asche Glass itſelf does. 'g. If theGlaſs Tube 
be emptied of Air, it loſes its Electricity *. 
XII. LAS TI, the Loadſtone is obſery'd t to 
have Properties peculiartoitſelf, as that by which 
ĩt attracts and repels Iron, the Power it commu- 
nicates to n Needle, and ſeveral ONE me 
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LA L L Bodies continue their State of 
\ Us Reſt, or uniform Motion in a right 
i till they are made to change that State 
bylaws external Force impreſſed upon them. 
THIS Law is no other, than that univerſal 
| Property of Bodies, called Paſſiveneſs or In- 
activity; whereby they endeayour to continue 
the State they are in, whatever it be. Thus 
a Top only ceaſes to run round on Account of 
the Reſiſtance it meets with from the Air, 
and the Friction of the Plane  whereon it 
moves. And a Pendulum, when left to vi- 
brate in vacuo, where there is nothing to ſtop 
it, but the Friction ariſing from the Motion 


* See Haukſbee's Experiments. Philoſaph. 75 ranſaR. No 326. 
+ Several Solutions of theſe Properties of Electricity and Mag- 
neti/m have been attempted by different Philoſophers, but all wb, 
them ſo unſatisfactory as not to deſerve a particular Account in 
this Place. See Chambers's Dictionary in EleAricity, and Des 
Cartes Opera Philoſophica. P. IV. F. 133. with ſeveral others 
* to in QAuæſtione. . D * Leck. I. 5. 52 dr 
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which would carry it to E, in 


of the Pin on which it is ſuſpended, conti- 
nues to move much longer, than one in * 
open Air. 


1. Tur Change of Motion produced in 


any Body, is always proportional to the Force, 


whereby it is effected; and in the fame Di- be 


| recon, wherein that F orce acts. 


Tris is an immediate Conſequence of this . 
Axiom; The Effect is always proportional to 


its Cauſe; For Inſtance, if a certain Force 
produces a certain Motion, a double Force 85 


will produce double the Motion; a triple 
Force triple the Motion, &c. If a Body is in 
Motion, and has a new Force impreſſed on it 
in the Direction wherein it moves, it will re- 
ceive an Addition to its Motion, proportional 


to the Force impreſſed; but if the Force acts 


directly contrary to its Motion, the Body will 


then Joſe a proportional Part of its Motion: 
Again, if the Force is impreſſed obliquely, it 
will produce a new Direction in the Motion 


of the Body, more or leſs different from the 
former, in * to its Quantity and Di- 


Tn * | | 
| III. Re- 


This Caſe is expreſſed more accurately by Mathematicians 
thus. If the Proportion and Direction mel two Forces, Doug 


upon a Body at the ſame Time, be repreſented by the Sides 


a Parallelogram, the Diagonal of het Paralletogram will re- 
N the Proportion and Direction of their united Forces. 
Dem. Let the Body A (Fig. 3.) be impell'd with the Force, 

ae e Ame that another, act · 


ing yy it in the * AD, would carry it to D. Ima- 


3 gine | 


-_ 
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- Wt; Re! ACTION is always oontaniiey; and 
equal to Action; or the Actions of two Bodies 
upon each other, are equal, and in Ry | 
Directions. 

een, pas a Stone, oriother Lad tar 
| be drawn by an Horſe ;: the Load reacts upon 
the Horſe, as much as the Horſe acts upon the 
Load; for the Harneſs, which is ſtretched 


5 Qqually between them both Ways, draws the 


Horſe towards the Stone, as much as it does 
- the Stone towards the Horſe; and'the progreſ- 

- five Motion of the Horſe is as much anda: 

| by the Lead, as the Motion of the Load is 


ne hit while the Body paſſes to E, the Line 4D; 6 which 
85 Body moves by che other Force) moves to EB, in a Direc, 
n parallel to itſelf ; when the 9040 has advanced to G 1 in 
the Line AE, the Line AD will have * to G, and the Body 
=” - will have paſſed over GH, ſuch a Part of it, as bears the ſame 
| | "#4 1 to the whole Line GF, as 4G does to AE, that is 
= | the ſhorter Side of the Parallelogram GM,.) is, to GF, 
. — eb is the ſame Thing, to EB, (the ſhorter Side of the 
Parallelogram ED) as 4G 1 longer ide of the former) is 
to AF the lon longer Side of the latter ; from whence the * 
1 are ſimilar, EI. 6. Def. 1. and . 
I. 6. the Point ¶ is in the Diagonal, that is, the Body will 
always be found in the Line AP. Q. E. D 
Coroll. From hence we have an eaſy Method of reſolving 
a. given Motion into any two, or more Directions whatever; 
pix. by deſcribing a Parallelogram about the given Direction 
as a Diagonal, . two Sides of which will repreſent the Di- 
* Fe ought. Thus, ſuppoſe a Body was impell'd in the 
51 ine AB, we may conceive it is ated upon by two Forces at 
the ſame Time, one towards E, the other towards D, or an 
Bm me . 5 the Lines be 2 of tuch 
„that when the e n is com SY | 
© WA AB ſhall be its rene. E oted 
oted 
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Chap. IV. Lau of Matin. 23 
by the Endeavour of the Horſe ®. 
T his will be better explained from the follow- | 
ing Inſtance ; let a Perſon, fitting in a Boat, 
draw another Boat equally heavy towards 
him, they will both move towards each other 
with equal Velocities: Let the Boat he fits in 
be the lighteſt, and it- will move the faſteſt; 
| becauſe \ Action being equal on both Sides, 
the fame Quantity of Motion will be given to 
each Boat, that is, the leſſer will have the 
greater Veloci 
Ser have =; foes, Confirmation of this 
from Attraction. Suppoſe two Bodies attract- 2 
ing one another, but prevented from coming F 
_ cloſe together by ſome other Body placed be- | 
tween them: If their reſpective Actions, by 
which they tend towards each other, were not 
equal on both S:des, then would the interme- 
diate Body be preſſed more one Way than the 
other, and ſo all three would begin to move 
of themſelves the ſame Way; but that three 
Bodies ſhould be put into Motion after this 
Manner, when no foreign ne acts upon 


„K be thoupht haps equal” and chitrary 

Forces deſtroying — er) = Ka A! in this Caſe not 

be able to move at all, becauſe the Load draws him back; as 

much as he draws the "Load forwards, - But it is to be obſery- 
| ed, that the Strength of the Horſe is not properly 82 

upon the Load, but upon the Ground; and _ gentl 

round reacting and continuing at Reſt, puſhes the 
forward with jan ſo much Force as the Horſe exerts, above 
x waar! is counteracted by the Load. 


dee the DiſtinQion berween Motion and Velocity, Chap. g. 
| 77 4 4 


24 Falling Bodies. Part I, 
them, is contrary to Experience, oonſequentiy 
whatever different Degrees of Force, any two 
Bodies may be capable of exerting, their mu- 
tual Actions on each other are always equal. 
This may be tried with a Loadſtone and Iron; 
which, being put into proper Veſſels, contigu- 


ous to one another, and the Veſſels made to 
float on the Surface of the Water, will be an 


e. exact Counterhalance to each other, and re- 


main at Reſt, whatever be the attractive Power 
of the Loadſtone, or the Propartaa of their 
D eſpective Magnitudes. 4 
Tus Laws receive an abundant additi- 
ng) Proof from hence, vix. that all the Con- 
cluſions that are drawn from them, in Relation 
to the Phænomena of Bodies, how complicat- 


ed ſoever their Motions be, are always found 
to agree perfectly with Obſervation. The 


Truth of which ſufficiently e in all * . 
wy the Dang, . | 


. H A P. v. 
The. P benomena of F olling B © DRY 


1.7 | HE Laws of Naturebeing b 
ed, we proceed to account for ſome of 
ol Phænomena, which are ſolvable by them. 


dee theſe Laws ex plain'd more at large by Cheyne, in hig 
Peres of Philoſophy. Keil's W adPhyſ. Pr Præl. 11, 12. 


Chap. V. Falling Bodies. 25 
II. To begin with thoſe ef falling Bodies. 
Conſtant Experience ſhews, that Bodies have a 
Tendency tawards the Earth, which is .call'd. 
Gravity, the Laws of which were enumerated | 
III. Taz Height Bodies can be let fall from, 
bears ſo ſmall a Proportion to their Diſtance 
from the Center of the Earth, that it cannot 
ſenſibly alter their Gravity; which therefore 
may be conceived, as acting conſtantly and uni- 
formly upon them, during the whole Time of 
their Fall; From whence they mult neceſſarily 
acquire, at every Inſtant, an equal Degree of 
Velocity, which on that Account will conſtant- 


ly increaſe, in Proportion to the Time the Bo- 


dy takes up in falling. 87 | 
IV. Tas Spaces Bodies fall through in dif- 
ferent Times, reckoning from the Beginning of 
their Fall, are as the er of thoſe Times; 
thus, a Body will fall four Times as far in two 
Minutes, as it does in one, and nine Times as 
far in three, ſixteen Times as far in four, Cc. 
* In order to demonſtrate this Propoſition, it will be neceſ- 
* my down the following Theorem, wiz. _ oO 
hat the Space a Body paſles over, with an uniform Motion, 


is in a Ratio compounded of the Time and Velocity. For the 
longer a Body continues to move uniformly, the more Space it 


moves over; and the faſter it moves during any Interval of 


Time, the farther it goes; therefore the Space is in a Ratio com- 
pound of both, thatis, is had by multiplying one into the other, 


* Coroll. Therefore the Area of a Rectangle, one of whoſe Sides 1 5 


repreſents the Celerity a Body moves with, and the other the 
June of its Motion, will expreſs the Space it moves through, 
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V. Fon this Propoſition it follows, that 

2 Body falls three Times as far, in the ſecond 
Portion of Time, as it does in the firſt; five 
Times as far in the third; ſeven Times in 
the fourth and ſo on in the Series of odd 
Numbers: For otherwiſe it could not fall four 


This being premiſed, let the Line 45 { Fig. 4.) repreſent 
the Time a Body takes up in falling, and let BC expreſs the 
Celerity acquir'd by its Fall; farther let the Line 4B be di- 

vided into an indefinite Number of fmall Portions, ei, im, 
mp, &c, and let of, il, mn, pg, &c. be drawn parallel to the 

Baſe. Now it is evident from F. 3. (viz. that the Velociti 
are as the Times in which- they are acquir'd) that the Lines 
ef, it, mn, pg, &c. N to each other 8 Zl. 6.) as the Lines 
Ae, Ai, Am, Ap, &c. will repreſent the Celerities in the Times 

repreſented by theſe : That is, ef will be as che Velocity of the 
Body in the ſmall Portion of Time ei, and id will be as the Ve- 
locity in the Portion of Time in; in like Manner will be as 
the Velocity in the Portion of Time po, which Portions of Time 
- being taken infinitely fmall, the Velocity of the Body may be 
ſuppos d the ſame, during any whole Portion: And conſequently, 
by the Corollary of the foregoing Theorem, the Space run over 
in the Time ei with the Velocity ef, may be repreſented by the 
Rectangle . In like Manner the Space run over in the Time 
im, with the Celerity it, may be expreſs'd by the Rectangle m4; 
and that run over with the Celerity un in the Time mp, by 
the Rectangle =; and ſo of the reſt. Therefore the Space 
run over in all thoſe Times will be repreſented by the Sum of 
all the Rectangle, that is, by the Triangle ABC, for thoſe little 
triangular Deficiencies, at the End of each Rectangle, would 
have yaniſhed, had the Lines ei, im, mp, &c. been infinitely ſhort, 
as the Times they were ſuppoſed to repreſent. Now as the 
Space, the Body deſcribes in the Time AB, is repreſented by 
the Triangle ABC, for the ſame Reaſon the Space paſs'd over 

In the Time Ao may be repreſented by the Triangle Ar; but 

+ . theſe Triangles, being fimilar, are to each other, as the Squares 
of their homologons Sides 4B and Ao (20 Cl. 6.) That 1s, the 
paces repreſented by the 1 are to each other, as the 

uares of the Times repreſented by the Sides, 2, K. D. 


| Spaces 


* 


8 


A  Palling Baller 
Spaces 


in two Minutes, . in this, a 
the Propoſition aſſerts 2. e 
VI. Tux Spaces, deſcrib'd by falling Bodies 
in different Times, are as the Squares 2 the 
laſt acquir'd Velocities. For by F. 4. the 
Spaces are as the Squares of the Times, and by 
F. 3. the Velocities are as the Times; there- 
Toes the Spaces are alſo as the Squares of the 
Velocities. _ 


VII. Taz Space. a Body paſſes oyer, — 


the Beginning of its Fall in any determinate 


Time, is half what it would deſcribe in the 


| ſame Time moving uniformly with its laſt ac» 


quird Velocity . 

VIII. In like Manner, when Bodies are 
thrown up perpendicularly, their Velocities 
decreaſe, as the Times they aſcend in increaſe; 
their Gravity deſtroying an equal Portion of 
their Velocity every Inſtant of their * | 


„This may alſo be ſhewn in the followin WET 
the Triangle 450. (Fig. 4.) be divided into leſſer ones, as 2 
Fig: 5- each e val to Dk which repreſents. the 8 
crib'd by the alling Body in D6 the firſt Portion of Time; 
'tis evident that, in bc the ſecond Portion of Time, there are 
three ſuch Triangles deſcribed, wiz. thoſe that lie between the 
Lines & and cs; in cd the wird Porgion of Time, five ſuch, 
wii all between c and dt; in df the next equal Portion of 
F the laſt velocity 
+ For let the Time ( an e 
BC, the Space the Body runs N while it is acquiring that 
Velocity, 1s as ABC, but the Space it would paſs over 1n the 
Time AB, was it to move uniformly with the Celerity BC, is 


by the Theorem h. 8 BCD, double 
former 8.0 pag. 3 pace 4 
; IX. Tus | 
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IX. Tux Heights Bodies riſe to, when 
thrown perpendicularly upwards, | are as the 
Squares of the Times ſpent” from their firſt 
ſetting out, to the Moment they ceaſe to riſe. 
That is, if a Body is thrown with ſuch a De- 
gree of Velocity, as to continue riſing twice as 
| Jong as. another, it ſhall aſcend four Times as 
high; if thrice, nine Times as high, &c. 

THESE two are the NR of the wok 
0 e enn, *. 


An Ar Bins, avs 


0 the Deſcent of B adies on "oblique. 
Planes, and of Pendulums, FR: 


HEN a Body deſcends. on an obldue 
Plane, its Motion is continually acce- 
Jerated by the Action of Gravity, but in a leſs. 
Degree, than when it deſcends perpendicular- 
ly; its free Deſcent in this Caſe being hin- 
der'd by the Interpoſition of the Plane: From 
Whence it follows, that what was faid in the 
laſt Chapter, concerning the perpendicular 
Deſcent of Bodies, is true of ſuch as fall on 
eblique Planes, Allowance being made for the 
5 of Acceleration. 
II. Tux Effect which Gravity has upon a 
Body falling down an oblique Plane, is to that 


( bop. Bee Keil's Introd 4 a Præl. 11. Graveorde,, Pe 3 
ap. I7. N * 


"21 8 | 15 | which 


* 


which it exerts upon another; falling freely; as 
the perpendicular Height of the Plane is to its 
| Length *. 5 | * | ws N 5 BL: 
III. Tax Space, through which a Body 
falls down tlie oblique Side of a Plane, is to 
that through which it would fall perpendicu- 
larly in the fame Time, as the perpendicular 
Height of the Plane is to its Length T“. 
Pos the Space a Body falls through in any 
determinate Time, whether down an inclined 
Plane, or not, is as the Effect of the Gravity - 
with which it is acted upon during that Time; 
but the Gravity with which a Body deſcends *' 
down the oblique Side of a Plane (by the | 
laſt Propoſition) is to that with which it falls 
perpendiculatly, as the perpendicular Height 
of the Plane is to its Length; The Space there- 
fore, which a Body falls through obliquely, is to 
Den. Let AC P Fig. 6.) be che inclin'd Plane, the Body at 4, 
and the Action of Gravity, whereby it endeavours to fall per- 
8 repreſented by the Line 4B ; let AD be perpen- 
dicular to AC, AD will then repreſent the Direction by which 
the Plane acts upon the Body (for all Bodies act in Lines ord ah 
_ dicular to their Surfaces) let then thoſe two Forces be reſolved . 
into one in the Direction AC, (as ſhewn in Note to 5. 4. Chap. 
IV.) by compleating the Parallelogram BD, whoſe Diagonal 
will be 4G. In order to this, BG muſt be let fall perpendicu- 


larly upon 40 (that it may be parallel to the oppoſite Side of 
the Parellelogram 4D) conſequently (8 Elem. 6.) AG is to AB 


as AB to AC, that is, the Tendency of the Bodydown the Plane 
1s to its ndicular Tendency, as AB is ta AC. Q. E. D. 
of 1 From this Propoſition. it follows, that ſuppoſing BG (Fig. 6.) 
EN ndicular to AC, the Body would fall from 4 to &, in the 
{ſame Time another would fall from thence to 3, for, as was 
8 obſerved (Note the laſt) 40 is to AB, as 4B to 40. 
6 4 * RS, that 


4 that which it would paſs 


uniformly withits laſt acquir'd Velocity, in a Portion of Time 


Bodies Run Part I. 


through perpendicular- 
Iy in the ſame Time, alſo in that Proportion. 

IV. Tux Velocity which a Body acquires by 
falling perpendicularly, is to that which it ac- 
quires Tho alling obliquely, in the ſame Time, 
as the Space of its per f ov Deſcent is to 
that of its oblique one 

V. Tux Time, in which a Body deſcendo 


through the oblique Side of a Plane, is to that 


in which it falls. through the perpendicular 


Height of the ſame, as the Luhn of Wen 


lique Side is to its Height +. 
VI. A BOD . — the dune Velocity: in 
falling down the oblique Side of a Plane, as 


„Since by the — to the laſt Seftion, a | Body falls to 0, 
Ap 6.) in the ſame Time another falls to B, and ( y Chap. V. 
7+) the Space a falling Body paſſes over in any Tome, 5" 


8 Ce ebick) it would run over in the ſame Time moving uniformly 


with its laſt acquir'd Velocity, it follows that the Body falling 
down the oblique Plane wou d paſs over double the Space 4G, 
moving uniformly with its laſt acquir'd Velocity, in a Portion of 


Time equal to that in which it was acquir'd; likewiſe double 


the Space 4B would be paſſed over by the other Body moving 


2 to that in which it was acquir'd ; but fince the Velocities 
Bodies moving uniformly are as the Spaces they run over in 


equal Times, the Velocity of the Bodies in & and J are to each 


other as double the Lines 46 and 4B, that is, as the Lines 
themſelves, which by F. 3: are as the Spaces run through in : 


the ſame Time, from whence the Propoſition is clear, 


+ Dem. The Square of the Time in which 40 {Pig 6.) is run 


over, is to the = are of the Time in which 40 is run over as 


AC to AG, (by Chap. V. 6 4.) that is; ſince AC, AB, AQ are 


9 05 portional (8 Clem. 6.) as the Square of 40 to the 


1 10. Elm, ;.) therefore the Times them 
felves' are as the Lines 40 and 4h, hat is, as the oblique Side 


of the Pew the perpendicular Height, * „ 


- 
222 N. 
* = - * 
* 
* f 


falling to G, is to the Square 


„ a ðͤ v 11 
- 


— 


it would do, if it fell freely through the per- 
pendicular Height of ie 
VII. A Body takes up the ſame Time in 


falling through the Chord of a Circle, Whether 


it be long or ſhort, as it does in falling per- 
pendicularly through the Diameter of the fame 


Sittler. | 1 | 
VIII. Uron this is founded the Theory of. 
Pendulums: For from hence it follows, that 


ſuppoſing a Pendulum could be made to vibrate 
in a Chord of a Circle; inſtead of an Arch, all 


its Vibrations would require the ſame Time, 
whether they were large or ſmall 1. 


IX. From: hence we ſee the Reaſon, why 


the ſhorter Arches a Pendulum deſcribes, the 


' * Dem. The Square of the Veloci which a Body acquires by 
of the Velocity it acquires by fall- 
ing to C, as the Space of AG to the Space 40 (by Chap. V. $. 


4-) that is (by 8 Elem. 6. and Def. 10. Elem. 5.) as 4Gy to 


ABgq; conſequently the Velocity itſelf at G is to the Velocity 
itſelf at C, as AG to AB : But ſince AG is run oyer in the ſame 
Time AB is (ſee Note to þ, 3.) the Velocity in G is alſo to the 
Velocity in B, as AG to AB, 8 9. 4.) and conſequently ſince 
the Velocities both in C and * e ſame Proportion to 


| thatin &, they muſt be equal to each other, ©. F. B. 


+' Dem. It was demonſtrated (4. 3.) that a Body will fall 
from 4 to G, gr. 7.) on the inclin'd Plane 40, in the 
ſame Time ano 
right Angle, in which Caſe 4G (by 31 Elem. 3.) is 2 Chord 
that Circle of which 4B is the Diameter; therefore a Body 
falls through the Chord, &c. Q. E. D. | 


1 This may be illuſtrated by conceiving the laſt Figure in- 


yerted (as in Fig. 8.) where ug the. Ball ſuſpended in 
ſuch a 11 as to ſwin — — 0 ht Line G4 instead of 
the Arch GL, it would always fall through it in the ſams 
Time, however long or ſhort it was, ſor the Inclination of tho 


Line G4 to the horizontal Line BC, is not alter d by invert- 


ing the Figur L. 


nearer 


= 
_ by —— oats — — 


er would fall freely to B, provided 46 is «+ 


$ 
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* 
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eee k Fer) 
— its Mubratious come to an e. fot 
ſmall Arches differ leſs from their Chords than 
1 ones. But if the Pendulum is made to 
vibrate in a Curve, which Mathematicians call 


a Cycloid, each Swing will then be perform d 
in the ſame Time, whether the Pendulum 


moves through a larger or leſſer Space. For 


the Nature of this Curve is ſuch, that the Ten- 

dency of a Pendulum towards the loweſt Point 
. it, is always in Proportion to its Diſtance 
from thence; and conſequently let that Diſtance 
be more or leſs, it will always be run over by 5 
the Pendulum in the ſame Time *. 


N. Tu Time of the Deſcent ji Aſcent 7 
* a Pendulum, ſuppoſing it to vibrate in the 
Chord of a Circle, is e 10 we Dun in 


MT . 2 7 4 oF F Y 


* The Deſcription of a 22 


0 the right Line AB, (Tig. 9. ) let the Cirele CDF be 
55 placed, as to touch the Line in the Point C, then let this 
Circle roll along upon it from C to H, as a Wheel upon the 
Ground, then will the Point Cin one Revolution of the Circle 
. deſcribe the Curve CK H. which is called a Cycloid. Now 
 fup — 9. two Plates of Metal bent into the Form HK and KC, 
laced in the Situation LH and LC, in ſuch Manner, that 
7 oints H and C may be apply'd to L, and the Points an- 
. to & be apply 'd to H . C. This done, if a Pendu- 
lum as L, in Length equal to LH, be made to vibrate be- 

tween the Plates or Cheeks of the Cycloid LC and LH, it will 
ſwing in the Line CX; and the Time of each Vibration, whe- 
ther the Pendulum ſwings. through a ſmall or a great Part of 
the Cycloid, will be. to the Time a Body takes up in falling 
* through a Space equal to IX, (half the 2 

the Pendulum) as the Circumference of a Circle to 10 

ameter, and conſequently it will always be the ſame. 
_ theſe 1 8 Wc in the m hapter. /-. 
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Chap. VI. Pendulum. 333 1 


| whith e Body falling freely, would deſcend —- i 
through eight Times the Length of the Pen- 10 


— NOTTN Lon ROE op Rake tend add 
Fon the Time of the Deſcent alone upon 
the Chord is equal to that in which a Bady 
would fall through the Diameter of the Cir-, 
cle (by 5. 7.) ; that is, twice the Length of 
the Pendulum: But in twice that Time (viz. © 

during a whole Vibration) the body would 

fall four Times as far (Chap. V. F. 4.) that is, 
through eight Times the Length of the Pen- 
dulum. | 95 
XI. Tus Times; that Pendulums of diffe- 
rent Lengths perform their Vibrations in, are 
as the ſquare Roots of their Lengths “. 
XII. Tux Center of Oſcillation, is a Point in 
which if the whole Gravity of a Pendulum 
was collected, the Time of its Vibration would 
not be alter d thereby ; this is the Point from 
Den. Let there be two Pendulums A and B (Fig. * and 

11.) of different Lengths; the Time the firſt vibrates in (ſuppoſe = 
through a Chord) is equal to the Time iri which a Body would ; - ay 
fall freely through DA, the Diameter of the Circle (as demon- _ 
ſtrated F. 7.) ; in like Manner the Time I vibrates in, is that in | 1 
which a Body would fall through FB. Now the Times in which 7 
Bodies fall through different Spaces are as the ſquare Roots of 1 
thoſe Spaces, that is, of DA and FB, or of their Halves C F 
and CB, i. e. of the Lengths of the Pendulums. . | 


+ If the Ball 4B (Fig. 12.) be hung by the String CD, whoſe 
Weight is inconſiderable, 


22 a 


— — —— — —— — re 2 5 * — — — 
— (Þ —— — . — — — at; wv _ _ — 
q = = _—_— - — 
- 


the Center of Oſcillation is found thus; 


ſuppoſe E the Center of the Globe, take the Line & of ſuch a 5 I 
Length, that it ſhall bear the ſame Proportion to ED as ED 3 
to EC, then I H being made equal to of &, the Point H 
mall be the Center of Geile tion. Bt OI | 
y Vor. 1. 8 * C S's a ; g | #44 if 


8 
7 


* 2 J . * 


m bf "Park 1. BY] 


" Shes the Length of a Pendulum is meas 
—ſured, which in our Batitude, in a Pendulum 
that ſwings Seconds, is chirty-nine Inches and 
* deo Tents. . 
28 . XIII. Tus Seeker the Tires in whicly- 
7 1 

; 


e acted upon by different Degrees 

of Gravity, perform their Vibrations in, are 

| "to each other, inverſly as the Gravitie s. 
Pon hence it follows, that a Pendulum 
will vibrate flower when it is at, or near the 
” A / Equator; than it will do when neafer the Poles; 


for the Gravity of all Bodies is leſs, the nearer 


If the Weight of the Rod CD be too conſiderable to be ne- 
\ glefted, divide CD (Fig. 13.) in J, ſo that DI may be equal to 
W of CD, and make a Line as G, in the ſame P oportion to CI, | 
chat the Weight of the Rod bears to that of the Globe, then 
Raving found the Center of Oſcillation of the Globe, as be- 
fore; divide IH in L, ſo that IL may bear the. ſame Proportion 
to LH, as the Line CH bears to the Line G; then will L be 
WE mm Center. of Ofcillation-6f the whole Pendulum. See the 

Mliethod of finding 2 general Rule for determining the Center | 

of Oſcillation in all-Caſes whatever, in Chap. V VIII. $. 1. 


#0 *  '* Dem. The Spaces falling Bodies deſcend through, are as. 
dthhe Sqaares of the Times, when the Gravity by which they 
Se + aream I'd is given (Chap. V. F. 4.) ; an, 6.08 FO 
FF | whenthe Time is 93 — (for the Sum of the Velocities oducad 

min any Time will always be as the generating Forces : Contes 5 
quently, when neither is given, they are in a Ratio compound- 
eld of both; the Squares of the Times are therefore inverſly as 
the Gravities. (For if in 3 Quantities a, b, c; a is as be, 


b 3m, i. e. if a is gien, as or as e tar fy. But if 


the Squares of the Times, in which Bodies fall through given | 
. be 8 as the Gravities by which they are acted 
| nt ares of the Times, in which Pendulums of 
equal 3 perform their Vibrations, will be alſo in the ſame 
yon Account of the conſtant Equality between the Time 
CO EVibration of a Pendulum, and of the —_ of a Body: 
ugh Ren its Length, 8 12.) | 
they 
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Chap. — is a Geh, 9 3 3 = 
they are to the Equator, vix. on 1 ok ä - 
the ſpheroidical Figure of the Earth, and its 
Rotation about its Axis, as will be explained - | 
' hereafter. Pendulums will alſo vibrate ſluvc er 
as they approach the Equator, becauſe of tje 
Increaſe of their Lengths; (8. 11:) N 88 

by the Heat in thoſe Parts of the Earth: 

wo find by eee that Bodies are Sin : 
larged in every Dimenſion in Proportion to the 
. of Heat that 1 is Ven them. 
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* oy Vibration of + 4 Pendulum. 5s | 
i 088 Cycloid. "> ng e 
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TP a Pendulum be made to Arete in a 
Cycloid, all its Vibrations, however. une 
. = will be ;/ocronous ; that is, eh will be 9 
performed i in equal Times (2). 4 2 


(a) In order to demonſtrate thisP ur- 
N proper 
L EMMA Il. 

If a Body deſcends from A, along the Lint AX, Fig 950 by 
Virtue 9 +4 a Force which deere aſes in Proportion as t ance of 
the Body from X decreaſes ; that is, if” when the Body comes 160 
M, N, 05 Ec. the Aftion of that Force the Body, bt as the 
Diftances XXI. XN, XO, &c. reſpefively: And if the laft ac- 

989 Pelecity, of the Bach; ; that i, its Vi ay when it comes to 
be expreſſed, or ſet off, by the f erdendicular KB =_ in Length 
7 the Line AX, and its * at 21. N, O, Kc. ſet off there | 
y the Links MD, NP, Od, &c. in Length 3 * OO RS: 
* other, and'to the Like XB, as the Felocities 0 falling Body at © 1 
the N, BY &C. edge &i, 1 4nd 


„ 4 4 


36 n RS js Part I. 


e , the OO of theſe Lines, the Curve ADB 8 
Lap, " Curve will be & Portion of a Cirele: And the Time is 
aobich the Body wvill deſcend through the whole Space or Line 174 
Ler any Part of it, as MO] will be ſuch Time as would be 5 
quifite for it to deſcribe the whole Arch AB [or any Part as DQ, 
- correſponding to MO] in, with its laſt acquired Velocity at X. 


1 Dene jon of the Lemma. Parallel and conti ous to the 
= Line MD, draw NP, in which Caſe the Line becomes a 
Point, and the Arch DP a Tangent to the Curve: Produce PD 
| 1 till it meets XA, produced, in T; draw the Line XD; and let 
fall the Perpendicular DL. Then the Lines DL and TM being 
= . parallel, the Angles PDL and DTM are equal, as being alter- 
mate (by! 27 Elem. 1.); and the Angles at 'L and M, as being 
| 1 right ones; the Triangles therefore PDL and DTM are ſimilar, 
= - which for the Sake of referring to ãt _ LE let us make the 
srſtStepof the following Proceſs 1 Triangles PDL and 
|. 5 are ſimilar 
From the firſt Step we have this |-- 1 
Proportion (5 Elem. 6.) 2 PL: LD: D r 
* the Figure LD = MN 

Bat MP alert. | I 
the deſcen g Boop comes tool x 

M, the Point MN 1isdeſcribed | |} : 
-with that Velocity (for there! 3 FN: 
dis no Acceleration during the | | 5 5 
- 1 . "3, 3 
Fo conſequen is propor- | |-. 5 
3 una us 3 4 | MN is as MD, 

EN Duan hob. the ſecond, third, | 4 

fourth Steps 5 | PL: M:: DM: MT 
But hip and NP being the Velo- oa Of, 220045 aÞ by 
cities of thedeſcendingBody at 
M and N, LP the Difference of | 

- .. thoſe Lines, expreſſing the In- 
| creaſe of Velocity in the Body, # 
will be proportional to Linton Ko 
al Freter *% RRP ö 
2 is, by the Suppoſition, to "> 
3 Diſtance 500 therefore 6 pl. is as 1 | 
| £ — g the fifth and fixth |7 |XM:MD:;: DM: Mr 
1 . oily (5 Bom, 632 48 The Triangles XDM and 
| op | DMT. are fimilar. 
And 3 fince 4 Angle at M are right ones, — 

*  Trian le TDX is (by the Converſe of Prop. 8. Elem. 6.) ri 


8 N 


— 


= 


: 5 A 
* 


; | * ; 22 ch, ine the ame f rveo any other 


7 
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Chap, VII. in a Goch. 


* 


Point of the Curve; as well as D, de Arch ADR is a Forden 
of a Circle (16 Elem. 3.) Which is the firſt Part. | 
Secondly, comparing the firſt ROT | 

and elobth Steps the Trian- | 4 2 


gles PDL and XMD are fi- | #526524 . ; 

_ -  milar; therefore 9D; DM:: DP: DX. 
An being a Portion of a Cir- eng 
cle, as already proved [Ii DX B | 
Comparing the zd, ↄth and | 1 _ 
toth Steps | 11 {MN : DM:: DP: x5. 


Since then the Point MN bears the ſame Proportion to MD, 


or the 4 4 is deſcribed with by the falling Body, that 


the Point NP does to the laſt acquired Velocity XB, it follows. 


that the former, MN, is deſcribed in the ſame Time with the. 


pe = 7 


«MN 


J * 
: 


"4 


- 


Velocity the Body has when there, that the latter, DP, might © 


be with the laſt acquired Velocity XB. And fince the ſame is. 
true of every other Part of the Arch ADB, it is obvious that 
the Time in which the Body will deſcend through any other 


Part of the Space AX, [or the whole of it, I will be ſuch as 


would“ be required for it to deſcribe any co! nding Part of 

the. Arch ADB, [or the whole of 11 with the laſt acquired 

N XB. Which was the other Part. | 
Coroll. 

Line AX, by Virtue of Forces acting upon it at 4 M. 

Ce. proportional to the Length of the Lines XA, XM, XN, 

XO, Oc. and if on X, as the Center, with the Radius XA, a 


Portion of a Circle, as ADB, be deſcribed ; and if the Radius 


or whole Sine XB, be put to repreſent the Veloci the Bod 

when it comes to X, the other Sines MD, NP, OQ. r. will 
repreſent the reſpective Velocities of the Body at the ſeveral 
Points M, N, O, &c. And converſely, if one of the Sines, 


as MD, be put to expreſs its Velocity at M, the other Sines 


NP, O. and the Radius, or whole Sine XB, will 1 ag the 
Velocity of the Body at thoſe other Points N, O and X. he 


© LEMM A II. 5 | 
If a Body moves along the Line AX, 201. 15.) and be urged 


all the Way by Forces 1 to its Diftance from the Point 
X; whatever Point of that Line it ſets out from, it will come to 


the Point X in the ſame Time, Which Time will bear ſuch Pro- 


portion'to the Time it would move over the whole Eine AX in, with. 
the Velocity it all acquire by ” per, through the aubole Lint AX, 
es the Semi-eircumftrence of a ”" does to its Diameter, 


3 


Den. 


Hence it follows, that if a Body deſcends long the 


ot 
' 
| 


* 
{4 
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38 7 1 Pridiling vibrating” Vare 8 


. * Let twb Rodies, A and P. ſet out Hom n A 5 
P , at the ſame Lime; and let them be urged by Forces propor- 

1 tional to their Diſtances from the Point X: I fay, thoſe Bodie | 
will come to X at the ſame-Inſtant of Lime; that is, they wi 
overtake one another at that Point. On X as a Center, and 
with the Radii XA and XP, deſcribe the two Quadrants AB 

and PQ; and draw the Line SX. and the Sines RS and MN; 
and let the whole Sine, or Radius XB, expreſs the Velocity the - 
Body A will acquire by raps; to X: Then, by Corpllary to 
Lemma , will the Sine RS, if taken as near as poſſible to A, 
expreſs the firſt Velocity of the Body A. But the Force, which 
urges the Body A is ſuppoſed to be to that which ur . the Body 
P, as XA to XP (or becauſe the Archs AS and P ſimilar) 
2s RS to MN: As therefore RS expreſſes the firſt Velocity of 
A, MN Will 8 * the firſt Velocity of the other Body P; 
bY And therefore, J the ſame N its Velocity, when: it 
Wu comes to X, will be expreſſible by Q. Farther, the Time 
the Body A falls to X in, is by Lemma 1. equal. to the Time 
the Arch AB would be deſcribed in with the Velocity XB; and 
the Time the other Body falls from P to X in, is equal to the 

Time the Arch PQ would be deſcribed in with the Veloci 

XQ. But a Body will be as long in moving over the Arch P 
with the Velocity XQ, as over the Arch AB with the Velocity 

XB, the Lines XQ and XB having the ſame Proportion to — | 

other, that the Arehs have, Therefore the Time the Body A. 

falls to X in, is equal to the Time the other Body P mo 

fall to that Place in, Which was the firſt Part, Wn 


. * 1. | 1 | The Time a Body would fall 
from A to X in, is equal to 
1 ph the Time it would move over 
| the Arch AB in, with its laſt 
| 5 uired Velocity at K. 
e, or ſelf evident 2 The Time a Body would move 
ann es >. over the Arch AB in with 
the laſt acquired elocity at 
X., is to the Time it would 
\ | | moveoverAXin with the ſame | 
Velocity, as AB is to AX. 
egg. the firſt and 3 | The Time a Body would fall g 
wo | +} from A to X in, is to the Time 
ws q it would move over AX in 
7 9 with the laſt acquired We | 
We as AB 1 is to AX. 


th n 
8 
9 


Axicw 


= 3 


F "Ho | Wy is to as. ire 45 is 2 
3 1s twice wage _ 
By ts « Figure Iz | Twice ABisto ewice AX's as the 
II  Semicircumferenceof aCirde 
is co its Diameter. 8 
_ Com aring the 3, th, | 6] The Time a Body would fall 
and 3th N |] fromAto Xin, is tothe Time 
it would move over AX in 
ien wich its laſtacguired Velocity, - 
| II the Semicireumferenceo A 
A Gs Re Circle is to its Diameter. 
| 43 4 en e eee 
. L E M M A Ul. N 4 54 
7 from the lowermoſt Point of a Cirele, as X, Gig 16.) _ 
Ardaun tbe Chords XQ and XO, the Poauer of Gravity whereby it © 
Hall cauſe a Body to deſcend along the former, will be tothe — 9 
*  quhereby it Hall cauſe it to deſcend along the latter, as the Lengtb 
of the Former is to the Length of the latter.” | 
Dem. Draw the Diameter XD, the Pei on QR, and EG 
Os; and join the Points M and O. Then (by 31 Elem. 3 99 
the Triangle XQD is right-angled at gon and. therefore. (by * 
Elem. 6.) 1 |XR:XQ:: XQ: XD. | | 
And for like Reafons | 2 XS: XO: XO7XD. —.. pi 
But by Chap. 6. $. 2. [| 3 | The Effect or Power of Gravity ST 1 
DX, | ' || upontaBodydeſcending alo _ 
| | the Chord Q, Ito that whie | 4 
& | {| i exerts upon another falli 4 
IN I freely; that is, to its W ö 1 
8 "os | '} Power, as NR to X, | = 
And alfa. | 4/} The Power of Gravity upon I 5 
| I | "Body, deſcending | along 29 | 
5 =. EO I. Chord Ox, Is to us 


CEO le hey 
paring the 1 3d | 5 | The Power of Gravity upon a 
; Body deſcending along the 
| | I Chord Q, is to its whole 
1 by d c : F 3 DAD. * 
Compari ing the d 4th | 6 e Power o | 
1 80 * , Body deſcending 833 0 
ths CLIN GON ths 4 Chord OX, is to its mal 
19. S471. 44 1 <a}. Power, AS, XO to; XD. 


8 40 5 eue einer part 1 0 


It the 5th and, | 


ke TG 9 The Power of Gravit upon £ 


Body deſcending We 
| Chord QR, is to wg 


5 a of Gravity upon a Body * | 


ſcending along the Chard OX, 
as XQ RKG, QUE. P. 


"The Deſcription of a Cycloid, with the Definitions relating 
| thereto. If a Circle as FCH (Fig. 17.) be rolled along the Line 
AB, till it has turned once round; the Point C in its Circum- 


Ference, which at firſt touched the Line at A, will deſcribe le 
Curve Line ACXB, which Curve is called a Cychid.” Theright 
Line AB is its Baſe : The middle Point X is its Vertex: And 
, a Perpendicular, as XD, let fall from thence to the Baſe, is 


| Its Axis; And the Circle FOH, or any other as XG na] "we 
3 1 ig called the Generating | Cirele. 3 


LEMMA IV, * 


.) the Aris of the Cychid, as 4 Dia- 


ht \ 


. XD, (Fig. 1 
is the | owe Girele XGD be ge feribad; and if froma 


5 Point in the Cycloid, as C, the Line CIK be drawn Parallel tu 


the Baſe, the Portion of it CG, will be equal to the Arch GX. 
Dem. Draw the Diameter HF , then the Circles FCH and. 


Dx being equal Ca EG=TL 
; Aqting 6 to esch of them -2}Kf = CG 
By the Figure ; 3| KI = DF 
5 3 the two laſt L106 IF. 
BytheDe cription of the Cycloid ; The Arch CF = AF 
By the Figure - The Arch CF = DG : 
Compitinn the gth and 6th Y1 EE IS i 
Bythe Deſeri prion of the Cycloid 8 AFD = DGX 


Compariog the 7thandÞ With 
the Figure 


FD = GX 


aa nba ln ot 12 CG & GX. oy D. 


| LEMMA V. 
The ſame Thi 


GX a Chord of the Oirelt DGX. 


Dem. It ap pears from the Deſcription of the Cycloid, that 
fince the Ang Fe FCH 3 is a right one, (as it is by 31 Elem. 3.) 
the Chord Cl Fs « Tangent to the Curve at the Poi oint C, 4 


4 


* d (be g Lemma, 4 's 
Tangent 0 the Ge n e 175 2 peralll +. 


r 
* 


' ' w 
* 0 


e ; | 12 "4. Þ rol 3 F 4 | | 
cher VIE wt I 


Q is parallel to GX; a Tangent therefore at the Point . 
parallel to GX, the Chord of the Circle DGX.. Q. E. P.. 


I E MN M A VI. EP: 

Tings remaining as before, if from a Point of the Cychid, as 

7 (Fig. 17.) vg Line LMK A tals — to the Baſe AB, 
the Arch XL of the Cyclord, wwill be double of XMythe Chord of 
the Circle correſponding thereto, abs of : PR. 


Dem. Draw the Line 8. parallel and contiguous to LK, 
crofling the Circle in R, and the Chord XM, produced, in P, 3 
then will LS, MR and MP become Points, the firſt having the | * 

Property of a Tangent to the Cycloid at LS, the ſecond that | "i 
of a Tangent to the Circle at MR, and the third, the Proper- - = 
ties of a Production of the Chord XM. Join the Points X and . --* 
R, and on MP let fall the Perpendicular RO: Produce alſo. 
the Point RM, till it meets XN, a Tangent to the Circle at X. 

Then will the Lines XN and Qs, being each perpendicular to 
the Diameter DX, be parallel; and the Triangles MNX and 
MPR will be ſimilar; as having their Angles at M vertical, 
and at P and X alternate. But the Tangents NX and NM are 
equal (by 36 Elem. 3.) the correſponding Lines therefore, PR „ 
and RM, in the other Triangle, are ſo too: This laſt Triangle ri 
is therefore an Iſoſceles one; and therefore RO aer perpen- N 
dicular to its Baſe MP, MP is equal to twice MO. The Tan- 
1 LS is parallel to MP, (as being by Lemma 5. parallel to 
X) and therefore equal to it, the Lines LK and S Q being 
parallel: It is therefore equal alſo to twice MO. But LS is 
the Difference between the cycloidal Archs XL and X$; and 
MO is the Difference between the Chords XM and XR, 
ſince XO and XR are cloſe together, RQ which is ndi- 
cular to one of them, 'may be conſidered as = ar to 
both: The Difference therefore between any two Arches of the 
Cycloid is twice that which is between two correſponding 
Chords of the Circle ; and conſequently any Arch, as XL, is 
double of the correſponding Chord XM. Q. E. D. fo 
Coroll. Since, When the Arch XL becomes XB, the corre- 
ſponding Chord XM becomes XD, the Diameter of the Circle 
DMX ; it is obvious, that the Semicycloid BX, or AX, is equal 
to twice DX the Diameter of the generating Circle DMX,  — 


LEMMA VI. 


| If in Body defender ns a Cycheid,' the Force off Grain (lo far  - 
#1 it act upon" it in cauſing it to deſeend along the Selal will 


hh a 


2 


42 & | ® "St . Partly 
; 8 * 3 : S: a 2 | 
4 2 PRoPOSIT 10 II. 


The Time in which. a Pendulum, vibrating”. 
in a \Cycloid, performs. 4 Vibration, is to he, 


7 


17 the Cycloid. 


Den. Let the Cycloid be AXB (Fig. 1 ) whoſe Baſe 1s AB, | 
7955 -andits Axis DX, on which laſt; as a Diameter, deſcribe the ge- 
|  nerating Circle Dx: Draw the Chords OX and QX ; throu 
the Points O and ow and parallel to the Axis AB, draw t 
Lines LS and MR w alſo = voy mp LV and MY. Then 
becauſe by Lemma 5. the 1 
the Tangent MY parallel to 0 it's obvious that Gravi 8 
the ſame Power or Force upon a Body deſcending in 
cloid at L (becauſe it then deſcends in the Tangent LV) as 5 


—_ OX: And for the like Reaſon, it exerts: the ſame Force u 
it when it comes to M, that it would do if it were deſcend: 
along QX : But; (by Lemma 3.) the Power or Force of Gra: 
vity upon Bodies deſcendin jim the Chords OX and QX, 
are as the Lengths of tho thoſs Chords; that is, by Lemma 6, 
(halves being proportional to their wholes) as the Len of 
the Cycloidal Archs : and MX. The Force therefore of 
food 0 a Body deſcending in the Cyeldid at the Point L 
or an 
any other Point] as the Space or Diſtance it has to move over 
in the former Caſe, before i it gets to the loweſt Point X, to 
that it has to run over in the latter, net arrives at hs 
oy Point. . D. 


| Demonfrration of 1 he Propoſition in tbe Text to which this. 
Note refers. 


By Lemma z. The Force of Gravity, ſo far as it alle 2 B 


aſcending from that Point, al Ts Vibrations, be the _ or 
- Small, will be performed in the ſame Time. Q. E. D.. 


— — 1 
3 — 2 0 — bs 1 * 1 a —- \ 
. n ö 2 | 1 9 
a * "RAW r 2 = — : 7 _ - 
- —— — — ——— ͥ ꝙ [-u;mʒ — — — N — , 
= K 
s . 
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is parallel to Ox, and 


r} is to its Force upon the ſame, when at M [or 


io deſcend in 2 Cycloid, is proportional to the Diſtance. of that 
Body from the loweſt Point; imagine then that Body to be a 
Pendulum vibrating in the Cycloid, then whatever Point it ſets - 
out from, it will, by Lemma 2, come to the loweſt Point in the | 
fame Time: And conſequently, fince. the like is true as to its 


2 3 A 7 * * 1 - 1 * Sz 4 2 9 % I . * f 
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oy 1 , 
2 8 , : ime 
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be proportional. to the Diftance of the e the Ine Prin | 


would do upon the fame Body deſcending along the Chord 


/ 


” Oo AT bot —_” 2 


* 


nene © > ag." 
Time in which a Body would fall freely thro 


half the Length of the Pendulum, as the Cir- 


eumference of a Circle is to its Diameter (5). 

e | | PROB, 

te To demand th, flowing Lemaa' will ef 
ſe. 5 * * 0 * * * 3% $-— * 0 | - h . 


I. EMMA VII. 


Tf in a right-angled Triangle, as BFG, (Fig. 19.) the Per- 
pendicular FL be let fall from the right Angle to the Hypothenuſq 
BG, the Line BI multiplied by BG will be egual to BFq. Said 

Dem. By 8 Elem. 3. the Triangles BFI and BFG are ſimilar, 

conſequently BI is to BF, as BF is to BG; and therefore BI x 


* 


BG = BFA. Q. E. D. | 
; LEMMA IX | 
Fa Body deſcends along a Curve Line, as AX (Fig. 20.) it will 
acquire the ſame Velocity that another, or the ſame Body would do, 
by ang from an equal perpendicular Height in the Line DX. 
Dem. 


arallel to the horizontal Line AD, draw the Lines BM 


and FN contiguous to each other ; in conſequence of which, 
the Lines MN and BG may be confidered as Points;\ and there- 
fore the Velocity with which the deſcending Bodies paſs over. 
them, as uniform ; and the curve Line BG as a ſtraight Line 


alſo, and as a Tangent to the Curve AX at the Paint BG. 


Things being thus, let it be ſuppoſed that the Bodies begin their 
Fall at B and M, or, which comes to the ſame Thing, 1 they 
have equal Velocities at thoſe Points: Then the Velocities of 
the Bodies being uniform and equal to each other, (for there is 


no Acceleration in a, Point) the Lines BG and MN may _ 8 


ſent the Relation which the Times they are paſſed over in 


to each other. Parallel to DX draw BF, and let the equal Lines 


BF and MN repreſent the Force of Gravity acting perpendicu- 


ly at thoſe Points; and let the Force BF be reſolved into twa 


others, viz, BI and IF, the one parallel, the other 1 
lar to the Courſe of the Body at B: It is only the former of 


ne viz. BI, that accelerates the Body along the Curve BG ; . 


the other, viz. IF, neither accelerates it nor retards it, but is 
wholly ſpent in prefling the Body cloſe to the Surface BG, if it 


be a Surface; or in ſtretching the String which keeps the Body 


in the Courſe AB X, if it be a String. Now the Velocity which a 


Jody acquires by moving over any Space, is proportional 60 the 
"© Wh : 1 . , | | k org 
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By Chap. 5. $7. | 5 | The Time in which a Body w 


44 ] C | "Phy gt Part 1. | ; 


Foros that * upon it, multiplied by the Time that Force acts. 


since then BI repreſents the Force in one Caſe, and MN the 


ime in the other; it follows that the Velocity generated 
in one Caſe, is as BI x BG; and in the other, as „ MN; | 
ce BF and MN are equal, as the Quantities BI x BG 


2 in the other; and BG the Time in one Caſe, and MN 


and BF x BF, (or BFa) which Quantities, by Lemma 8, are 
equal to each other. The Velocity therefore which the one 
Bod] acquires by deſcending along BG, is equal to that which 
tze gther acquires by falling through MN : Bat the Lines BM 
aud GN being parallel, it is obvious there is the ſame Number 
„ er BG's i in the Curve AX, as of MN's in the Re | 


DX ; the Velocity therefore which a Body would acquire by... 
falling through one, is equal to that which i would acquire in 
Gallige through the other. Q. E. D. | 
ae of the Prepeſition. Let AXB (Fig: 18.) be the 
Cycloid which the Pendulum vibrates in. Then y Lemma 2, 


5 ont with Lemma 7, we have 


1 | The Time a Body would deſcend ' 
from A to X in, is to the Time it 
5 P would moveover the ſame Space 
. 8 | | inwith its laſt acquired Velo- 
1 II city, as the Semicircumference 
he Corot. of Lem- 2 of a Circle is to its Diameter. 
3 AX is equal to twice DX. - 
Py Hemma 9. 3 | The Velocity N | 
„„ | _ from A to X, is equal ta 
| 8 it would acquire 
by falling rom D to X. 5 
N 4 The time in A hich a Body would 
; deſcend from A to X 1s to the 
; | Time it would move over twice 
5 l DX with the Velocity acquired 
BEE ITS 8 by a Fall from P to X, as the 
1 Semicircumference of a Circle 
: is to its Diameter. | 


* 


3 RT move over twice 11 with 

5 8 Velocity acquired Kling 

f | fromDroX,isequalto I Time 
4 it would fall from D to X in. 


deſcend from A to X, is to the 
| 'Time it would fall from DtoX, 

* as the. Semicircumference of x * 
z Circle is to its Diameter. 


Fo 18 the 4th and 6 The Time in which a Body would 
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Chap. vn. in a Gelid. AS bh 5 


PROBLEM. 


To male a Pendulum vibrate in a give 
78 1 Cycloid. 


Folur. Let AxB (Fi 2.1.) be the given 


Cycloid; its Baſe AB, its Axis DX, and its 


generating Circle DQX, as before: Produce 


Fre to C, till DC be equal to DX: Through 
C draw the Line EF parallel to. AB, and take 
CE and CF each equal to AD, or DB; and 


on the Line CE, as a Baſe, and with the gene- 
rating Circle AGE, equal to D, deſcribe the 


Semicycloid CTA, whoſe Vertex will there- 


fore touch the Baſe of the given Cycloid in A. 


And on the Line CF, alſo as a Baſe, deſcribe. 
From the Figure | 7] The Time of Deſcent from A to 


| X is half a Vibration! | 
From the Solution of | | + N 

the following Pro- * 
dlem it will appear, 
that 


V\ 


DX is half the Le met Pen- 
dulum, which in ſhall 
deſcribe the Cycloid IE 


Comparing the three | 9g| The Time of half a Vibration is | 


—_— to the Time in which a Bod 
| would fall freely through h 

WAY the Length of the Pendulum, 
| as the Semicircumference of a 
| Circle is to its Diameter, 

Doubling: the Antece · 10] The Time of an whole Vibration 
| n | r 

'-| would fall freely throu 

the Length of the Pen — 


| cleistoits Diameter. QUE. D. 


* 


= 
—_ as the Circumference of a Cir- 
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| 46 | Pendulum eg: Part I. 


an e Gay Semicycloid CB. On the Point C, 
hang The Pendulum CTP, equal in Length to 
the 1 iba CX: And let the upper Part of the 
String of it, (as CT, in its preſent Situation in 
= Figure) as it vibrates this Way and that, 
y itſelf to the cycloidalCheeks CA and CB: 
75 Then will the Ball of it P oſcillate in the given 
1 3 . — cloid AX B. E. F. C 
ot a 5 N CHAP. 


(5) Draw TG bs PH, "each parallel to the Baſe AB; and 
1510 the Points AG and DH. Then by the Corollary of 


5 n DO be ee ee 
HM the 'Figure in ual} 3 SY 
"76 DX) 15 8e 2 2 AER 2 LJ 
- Comparing: the 1 and dnn 13} AC = CX* 12 
By Conſtruction | 4ÞCTP, = CX 
, Comparing. the zd and ah „ 
From the oi Step > RR -| i 
Vith the N 
(The 2 cd Ia the Cy- 31 
cloid at I) by Lemma N 7| GA is parallel to TK 
By Conſtruction 8 vt is Lora to * 
From the two laſt Steps com. . 
pr" GATE is a Paralle-| E“ 
._ logram, conſequently ; 9 GASTEmiGTE e 
By Lemma 6. Nie 
Comparing the two laſt Steps II TK =4 TA 
Comparing the th and 11th 12] TE =4 TP 
From the r2th Step — B. t aten 4 
with the Figure I 
„ | . 
122 | 114 | The parallel Lines GT 
1 n ! + an PH are equally 
| 70 © 20 ith the | diſtant from AD 
From t compared wi * | 
Figure | 5 15 The Auch . 
| . Arch DH 5 
Comparing the un with the | 
Pos cage uh 1:6] The Chord GA and 
<3» 5 iin 1 DH are parallel, and 
3 ; . | GE = HX 


„ / 
P R 5 
5 "Ta % \ | F rom 


Otap vin. aud ehe, . 
Tt e A P. VIII. 


lt 


of the Centers of. Oſcillation. 1 


Percuſſion. 0 oes 
1. N B Carer of: Ofeillation i 18 that Point ir in 


a Pendulum, in which, if the Weight 
of the ſeveral Parts thereof werecollected, | 


" 
4 k 
* ” 
7 
5 > 
| 
* 1 
0 . 
; . | x 
a 
- by 
an 
= 
_ 


each Vibration would be performed in the ſamo 


Time, as when thoſe. Weights are ſeparate. 9 


Me Point or Center off Suſpenſion, is the 
Point on which the Pendulum hangs. 


4, general Rule fr frading | "the "Center Ca 


Oſcillation. 


TE ee Hades ak teens 
Rod, ſuſpended upon a Mans eee 


From he 70 and 16th . 5 yes | 3 
compared with the Figure 17 KP is parallel to DH 
And' therefore (KD being by ws 1 . . 14 TITS Us 
_  ConſtruQtion,, parallel alſo too 5 : 
PH) KDHP is a Parallelo- IV i 9 TALES 
gram, conſequently v2 þ A =PH | ** 

By Lemma 4. 141i f the Arch AG 

Comparing the gth and igth . 420 | AK = the Arch AG 

By the Deſcription of the Semi-. . 

cycloid CTA . 12 AKD = AGE 

From the two laſt compared with ks 

the Figure 43D KD = =GE.. Mp. 4 

Comparing the 18th and 22d 322 4 
EF 


Com the 16th and 2 
| Drop nating 4. if PH . * HX, P is a Point i in the 


Cycloid/AXB ; the Ball of the Pendulum CTP therefore being 
at that Point, is in the given Cycloid. 9m TO therefore 
W 1 . 3 55 5 


#8 Ty Centers of Oſe lation 5 Part I. 
de multiplied by the Square of its Diſtance 
from the Point of Suſpenſion, and then each 
Body be multiplied by its Diſtance from the 
fame Point; and all the former Products, wHeti 
added together, be divided by the latter Pro- 
_ ducts added together, the Quotient which ſhall 
_ atiſe from thence, will be the Diſtance of the 
Center of Oſcillation of thoſe Bodies from the 
JJ 5» 5; e 
Ihus, if CF Fig: 21, be a Rod on which 
te fixed the Bodies A, B, D, Gc. at the ſe- 
veral Points A, B, D; &c: and if the Body A 
be multiplied by the Square of the Diſtance 
A, and B be multiplied by the Square of the 
_ Diſtance CB, and ſo on to the reſt : And then 
if the Body A be multiplied by the Diſtance 
CA, and B be multiplied by the Diſtance CB, 
and ſo on for the reſt; and if the Sum bf the 
Products arifing in the former Caſe, be divided 
by the Sum of thoſe which ariſe in the latter, 
the Quotient will give CQ, the Diſtance of the 
Center of Oſcillation of the Bodies A, B, D, 
&c. from the Point C (d). IS. 


(J) Dem. That the Proceſs may be leſs complitated, let ubs 
ſuppoſe but two Bodies, as A and F, fixed to the Rod CF; and 
let Al and FL be the Archs which the Bodies A and F deſcribe 
' when the Pendulum vibrates, and let the Pendulum be removed 
into the Situation CL. _ Contiguous to the Line CL draw CR; 

then may the Arches IP and LR be conſidered as Tangents at 
the Points I and L, and thoſe Tangents as inclined Planes, down 
which the Bodies I and L are to roll: Theſe Tangents being 
each perpendicular to CL, are equally inclined to the Horizon, 
the Bodies therefore will endeavour to roll down with equal Ve- 
' - Jocities ; but this they cannot do, becauſe being fixed to 5 * 


« -* 


— 
. 1 
. 
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flexible Rod they muſt deſcribe the unequal Arches Ip and LR 
in the ſame Time. That is, the Body L will oblige the Body 1 
to deſcribe a lefs Arch than it otherwiſe would have done; and 
the Body I will occafion the Body L to deſcribe a larger Arch 
than it would have done. And the Effects of the Forces b 


which they act thus upon each other, like thoſe of Action an 


Reaction, will be ay It remains to determine theſe Effects. 
i 


In order to which, parallel to LI draw MN, and let the 
equal Spaces-LM and IN be thoſe the Bodies would move over 


in the leaſt Time poſſible, had they been independent of each 


other. And let the Arches LR and IP be thoſe which the Bodies 


joined to the Rod deſcribe in the ſame Time. For the Reafon 


juſt mentioned, the former of theſe, wiz. LR, will be larger, 
and the latter, viz. IP, will be leſs than LM or IN; and the 
Arch which the Center of Oſcillation deſcribes will be equal to 
LM or IN, becauſe the Center of Oſcillation deſcribes that 
Arch which the Bodies would deſcribe in the ſame Time, if 
they were both together, and neither of them an' Hindrance or 
Furtherance to the other. Conſequently the Center of Oſcilla- 
tion is at Y, where the Lines MN and PR croſs, | 8 
Now the Motion which the Body I loſes by being retarded, 
is its Motion over the Arch PN; and the Motion the other Body 
gains by being accelerated, is its Motion over MR: The Force 
or Moment of the firſt of theſe Motions, is the Product of the 
Body I multiplied by the Space PN; and the Force or Moment 
of the laſt is the Product bs the Body L multiplied by the Space 
MR. Theſe are the Forces, Moments or Actions, which retard 
the one Body, and promote the Motion of the other. But ob- 
ſerve, that theſe Forces or Moments, in as much as they act at 
different Piſtances from the Center C, about which the Bodies 
I and'L, when the Pendulum ſwings, do revolve ; have each 
their Mechanical Advantage; but the one a greater than the 
other: For Inſtance, L has an Advantage which is as LC, its 
Diſtance ſrom the Fulchrum C ; and I only the Advantage IC, 
As then in determining the Effect of a Power applied to a Lever, 


wie multiply it by its Diſtance from the Fulchrum; ſo the above- 


mentioned Forces or Moments (viz. I multiplied by PN) and L 
multiplied by MR) muſt be multiplied by their reſpective Diſ- 
tances from C; and then we have I multiplied by PN multi- 
pare by IC, and L multiplied by MR multiplied by LC for the 

feats, which, as Things are circumſtanced, theſe Forces or 
Moments have upon the Bodies I and L. But, as obſerved above, 


thoſe Effects are equal, conſequently we have for the firſt Step, 


8 [:|1 x FN 


« 
| 5 
— 


| 1 Ix PN xIC=L MR-xLG 
* the Trian gles PNY | 4 


and MRY are ſimilar, |. 
6 conſequently _ 2 PN: MR PY RY. . 
| wring the two la 3] BEL x RY XL 
WE * 7525 the Pendulum ä 
- oh ets r ; FE nag Ra 5 
in which I coincides 4 gk " 
with P, and L with. 


. we have 4 b * NY PS =R x RY xRC" 


8 Or, which is the ſame 
Thing 5 A+AQ+AC=F + FQ xFC. 
That is, in Words, if one of the Bodies were multiplied by 
| 110 Diſtance from the Center of Oſcillation, and the Product 
Furz from thence were palSphed by the Diſtance of the ſame 
od 
erat to the Product of the other Body multiplied by its Diſtance 
from the Center of Oſcillation, multiplied by its Diftance from 
the Center of Suſpenſion. And, ſince the — would be true 
if there were more Bodies, if each Body be multiplied by its 
Diſtance from the Center of Oſcillation, and that Product by the 
| Diſtance of the ſame Body from the Center of Suſpenſion, all 
the Products relating to the Bodies on one Side the Center of 
Oſcillation taken together, will be equal to all thoſe which re- 
late to the Bodies on the other Side thereof taken together. Let 
then the Diſtances of any Number of Bodies, as 2 2 D. E. 


tom the Center of Suſpenſion be called a, 5, d. f. ref} eQively, 
and the Diſtance of the Center of Oſcillation Q from Center 


of Suſpenſion C, be called x : And ſuppoſe the Diſtances of the 


Bodies A, B, D, leſs than the Diſtance CQ, or x; and that of 


the Body F reater, as in the Figure; then will the Diſtances. 
of A, B and D from the Center of Oſcillation be expreſible by- 
a, x—b, and x—d; and the ſame Diſtance of V. by x; 
| multiplying chen each Body by'its Diſtance from one Center, 
and the Product ariſing therefrom by the Diſtance of the ſame 
Body from the other Center, we ſhall have Aa Aga + Bbx— 


B= + Dax —Ddd Ef, — Fx, which reduced gives & 5 | 


Aaa + B4b + Dad + 7 


tg | 
A BI + D + Which latter Equation is the Senſe, 
of the Rule above laid down. 
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Geer of Oil Fart 


A. «JT; The Center of Percuſſion is that Point in a 
Pendulum, or in an inflexible. Rod. -moving | 


rom the Center of Suſpenſion, this laſt Product would be 


* 
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round a Point, with which, if the Pendulum £ 
or Rod ſtrikes againſt an Obſtacle, no Jar or 


Shock at the Point of Suſpenſion ſhall be o- 


caſioned thereby. 

Thus, let CF (Fig. 2 1.) be an rnflexible Rod, 
hivihs the Bodies A, B, D, &c. fixed in it 
at this Points A, B, D, &c. and let O be an 
Obſtacle againſt which, as it vibrates of wings 
round the Point of Suſpenſion C, it may 
ſtrike againſt: then, if there be no Jar or 
Shock occaſioned thereby at the Point C, the 
Point that ſtrikes againſt O, (as the Point Q. 
ſuppoſe) is called ro aaa of Percuſſion. 


* 


1 


Prorosition. 


The Center of Percuffion is the dune as 


the Center of Oſcillation 3 and conſequently 


may be determined by the ſame Rule (e. 
PROS. 


(59 Ba From <3 Definition of the Center of Percuſſion 
above laid down, it a ap ars, that the Forces with which the 
Bodies A, B and D, which would paſs above O, move; muſt 
be a Counterbalance to 2 Force of the Body F, which would 
paſs below it : and that the Force of F muſt be a Counterbalance 
to them. But the Forces wherewith thoſe Bodies move, are as 
their Maſſes multiplied by their Diſtances from C, their Velo- 
cities being as theſe Diſtances. Farther, when the Point Q. 
comes to O, and is ſtopt there, the Bodies A, B and D, en- 
deavourin on, ſway or bear againſt F, and F againſt . 
them; ing as + if they were fixed to a Lever, as AF, havin x its 
Fulchrum at Wankel uently the Forces of the former Bodies, 
ſo far as they ainſ the latter, are as their Diſtances from 
the Point Q; and th e Force bg the latter, ſo far as it acts — 

2 
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1 4 
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1 
1 


\ 
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Bodies from Q; but the former of them, as obſerved above, ba- 
Iances the latter; and the latter them. So many therefore of 
the laſt Products as relate to the Bodies above Qtaken together, 
muſt be equal to that which relates to the Body (or Bodies) be- 
low it. But the like Products were equal to each other, when 
the Point Q was looked upon as the Center of Oſcillation (as 
in the 5th Step of the foregoing Proceſs) conſequently the Cen- 
ter of Percuiion is the ſame with that of Oſcillation. 2. Z. D. 

(Y Solut. Imagine the Rod to be divided into the leaſt poſ- 

1 fible Parts B, C, D, Sc. each of which call One. Theſe Parts? 

—_— we may conſider as ſo many Bodies contiguous to one another; 

nin ſio that the Center of Oſcillation or Percuſſion of theſe Bodies 

will be the Center of Oſcillation or Percuſſion of the whole Rod, 

To find this, we are by the Rule above laid down in the Text, 

to multiply each of theſe Bodies by the Square of its Diſtance 

from A. The firſt of theſe Products then will be B (or One) 
multiplied by AB ſquared ; but one multiplied by AB ſquared, 
is the ſame with AB ſquared ; now AB ſquared is a ſquare Area 
or Surface, one of whoſe Sides is AB. In like manner the 

Body C, when multiplied by the Square of its Diſtance from A, 

is a Square Area, one of whoſe Sides is AC, ſomewhat leſs than 

Ws! the former. Imagine this Area laid upon the former; and the 

© | next, which will be leſs ſtill, laid upon that; and fo on till you 

#- | come to the leaſt of all. 'Theſe will make a Pyramid, whoſe ' 

Baſe is the firſt Area, and its perpendicular Height will be 
equal to the Thickneſs of them all together; which Thickneſy 
wall be as the Length of the Line RA, The Value 8 ſolid 

5 Py, "A ns. wes - Content - 


* 


352 Centers f Ofcillation., Part I. 
4A wo PR: O'BEE: Mor bn 
1 Let it be required to find the Center of | 
1 Oſcillation, or Percuſſion of an inflexible Rod 
nn AB (Fig. 22.) as a Bar of Iron, or the like, 
4 every where of equal Size, and vibrating in, 
4 or revolving round the Point A, as;a Center of 

| | Suſpenſion (J). | : 5 
. the former, is as its Diſtance alſo from Q che abovementioned 
1 Forces muſt therefore be multiplied by the Diſtances 'of the 


A 
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Content of this Pyramid will be ABg (wiz. its Baſe) multiplied 
by a third Part of AB (its perpendicular Height). In the next 
Place we are to multiply each .of thoſe Bodies by its Diſtance 
from A: Now the Body B (or One) multiplied by AB, gives a 
Line, as AB; ſo the Product of C, multiplied by its Diſtance 
AC, gives a Line, as AC; theſe Lines hea pedone upon another 


(as the Areas were before) will make a Triangle, whoſe Baſe 
will be AB, and its perpendicular Height alſo AB; the Value, 


or Area of which, will be AB multiplied by } AB. In the laſt - 


Place, by the Rule, we are to divide the Sum of the Products in 
the firſt'Caſe, by the Sum of the Products in the latter; that is, 
the Content of the Pyramid by the Area of the Triangle; that 


is, AB  } AB, by AB x 4 AB, which gives =; thats, 


3 AB, or two Thirds of AB: ſo that the Diſtance of the Center 
of Oſcillation or Percuſſion, (as E ſup ſe) from A the Center 
of Suſpenſion, muſt be equal to two Fiirds ds of AB, the whole 

Length of the Rod. 2. E. J. | ; 


Pac aur C H A : IX. 5 

F a Body be projected in any Direction what - 
ſoever, it would proceed on in inſinitum in a 

right Line (by the firſt Law of Nature ;) but 

being continually accelerated toward the Earth 

by its Gravity, it will deſerve a Curve called a 

Parabola *. 129 29 — 


* Dem. Let us ſuppoſe the Body thrown from 4 in the 
Direction AB horizontally (Fig. 23.) or obliquely (Fig. 24.).iv 
would (if not attracted 5 the Earth) move ar 
' 9 3 dom 


rr 
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| ram AH. Then in twice 15 Time, vis. while it would N 


2 


found in K, ſuppoſing EK, or its equal AN, nine Times as 


os T; ide this is the Property of the Parabolic Curve, + 


a therefore the Parameter is equal to G Hg divided by AG, that is, 


= ling from an Height equal to the fourth Part of the Para- 


8 


. : Prajectilas. Part 1. 
from 4 towards B, that is, in equal Times it 8 deſeribe 
equal Parts of the Line 4B, as AC, CD, DE, &c. but, if in 
he Ark. Portion of Time, while it would. moye from 4 to 
„it would have defcended from 4 to 1 5 Gravity, had it 
only been let drop N. FRE it will by a Compoſition 


of theſe two Motio ans (CPs $. 2.) at the End of that 
ime be found in the 8 2 a Angle of the Parallelo- 


ve moved over two equal Portions, or from A to 8 NR 
Muld fall downwards to M, four Times as far as before (C Ho ha 

F. 4.) and will therefore be found in 7, ſu 3 DI 
ual and” parallel to 4M. Then again, in *Thies 8255 of 


at is, from 4 to E,-it would have fallen downwards nine 
imes as far as in the firſt Portion of Time,; and therefore bein 
ied by theſe two Motions will at the End of that Time be 


ng as AG os CH, &c. Therefore the Lines CH, DI, EK, ug | 
ich are toeach other as the Numbers, 1, 4, 9, &c. are as the 
Squares of the Lines AC, AD, AE;-(theſe being only as the Num- 


ee 5 Kapital B. I. Prop. 1. Corol. 2. and be 
zorol. Conſequently the Fl. &c. ich the 
dy ON in, whether thrown horizontally, or obliquely, 
a Parabola. Q. E. D. 

Lemma 1. The e Quotient Which ariſes from the Diviſion of 
e Square of the Line AC by the Line AG, wiz. the Quantity 


ACg 
2⁰ (in either of the Parabolic Curves, Fig. 23, or 24.) or 


the Square of the Line AD divided by AM, wiz. 222 

55 | 
. the Square of AE divided by AN, viz. IN" is equal to the 
Parameter of the Point A, for G Ag is equal to AG multiplied 
by the Parameter De L Hoſpital Con. Sect. I. Pro rop. 1 & z.) 


The ſame is demonſtrable of AD divided by 4M, &c. 


ae conſequently's any of theſe Quantities may be indifferently 
zut to expreſs the Parameter of the ſame Point. 
Lemma 2. The Velocity which a y would acquire by 


meter of the Point J, is to the Velocity it would acquire by - 
a efron {to V. as AE * | 
n.: 
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Den. since we are comparin en which a Body 
would acquire. by falling 2 fourth Part of the Parame- 


457 
ter, with that which it would acquire by falling to V, ler IN 


E 
be modo choice of to denote the Parameter. Then? 3 WP ex- 


ew a fourth Part of the Parameter. Now becauſe the Ve- 
ities, acquir'd by falling Bodies, are as the ſquare Roots of 
' + ae Spaces they fall through (Chap. V. 5. 6. gl the Velocity, AC- 


quir'd by a Body in deſcending throu 6x. is to that Ve- 


locity, which it would acquire by falling N AN, as the 


ſquare Root of 22 to _ ſquare Root of AN; that is, ex- 


crafting he Roots of thoſe Quantities, as N to 4 N, 


and, multiplying each Term by / AN, as AE to AN, or as 
AE to twice AN. Q E. D. by 5 


Prop. The Velocity a Body ought to be projected . to | 
make it deſcribe a given Parabola, is ſach as it would acquire 


by falling through a Space equal'to the fourth Part of the 


Parameter belonging to'that Point of the pn. 3 | 


it is intended to be projected. 


Dem. The Velocity with which a Body muſt Þs p po jefted 
from A towards B, to make it Jeſeribs the arabola 
AHK, muſt be ſuch, as would carry it to C 12 uniform 
Motion, in the fame Time that it would deſcend by its Gra- 


vity from 4 to E; and to E, in the Time it would fall to 
N, &c. as was before obſerved. Now the Velocity, with which 


the Line AE is deſcribed with an uniform Motion, is to that 
which is acquired by the Body in falling to N in the ſame 
Time, as AE is to twice AN ; becauſe (Chap. V. 5 50 its Ve- 
locity in N would have carried it over twice AN in that Time, 


had it alſo been uniform. But by Lemma 2. the Velocity a a 
Body would acquire, by falling through a Space equal to a fourth, 


— of the Parameter of the Point 4, is to that which it 
would acquire by falling from 4 to M, alſo as 4 to twice 
AN. Since therefore the Velocity, with which the Line AE 
is deſcribed (or, which is the ſame Thing, that whereby the 
— * is projected) and that which a Body would acquire by 
8 ng through « a Garth Part of the rann of the Polut 
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4, bear one and the ſame Proportion to that Velocity which 
a Body 7 39 by falling from 4 to N, they muſt be 
equal. Q. E. D. . : 

N Ceroll. This affords: us an eaſy Method of finding what Di- 1 
rection it is neceſſary to throw a Ball in with a given Ve- 
locity, in order to ſtrike an Object in a given Situation, v. g. 
Let it be required to ſtrike an Object as K, with a Ball thrown 
from A with a given Velocity. Here it is only neceſſary to 
make the Triangle ANK (ſuppoſe a right Line drawn from 


3 + : Ak. 
A to. V ſuch, that * or which is the ſame Thing, . in 


' - the Triangle AEK, may be equal to four Times the Space a 
Body. muſt fall through, to acquire ſuch a Degree of Velocity as 
that with which it is ated to be thrown, and then AE will 
be the Direction ſought. In order to this we muſt lay down 
the following Lemma. | n 
\ "Lemma. Let there be a Circle as ABC Fig. 25.) AK a Tan- 
gent in the Point 4, AR and K[ parallel to each other, and let 


| | . 1 >. 
the other Lines be drawn, as in the Figure, I ſay As. 


For the Angle ABE is equal to the Angle EAK (32 Elm. 3.) 
and the Angle BYE is equal to the Angle AE as alternate, 
therefore the Triangles ABE and AEK are ſimilar; conſe- 
_ quently AB is to AE, as AE to EK, and multiplying the 
extreme Terms together, and middle Terms together, is * 
EK=AFq, and dividing both Sides of the Equation by EK. 


3 | | 
5 ab AZ. Q. B. P. By the ſame Method of arguing 
may be proved equal to AB. | 
if , s | | The POI 2 u. 


Let it be requir'd to ſtrike an Object in a given Situation as 
Fig. 26.) with a Ball projected from A with a given Velocity. 
Salation. Erect AB perpendicular to the Horizon, and 
equal ta four Times the Height a Body muſt fall from, to ac- 
uire the Velocity with which the. Ball is to be thrown ; biſ- 
ſect this in the Point G, through which draw HC perpendi-: 
cular to AP, and meeting the Line 40 ndicular to 
AK) in C. On C as a Center with the Rains C4, deſcribe . 
the Circle 480; laſtly, through K draw the Line XI per- 


11 


- 


4 Fs 


II. TRE greateſt horizontal Diſtance, to 
which a Body can be thrown with a given Ve- 
locity, is at the Elevation of 45 Degrees v“. 
III. Ir two Balls are thrown at different 
Elevations (but with equal Degtees of Velo- 
city) the one as much above forty- five De- 
grees as the other below, the horizontal Diſ- 
tances (or Randoms) where they both fall, 
will be the ſame f. $5045] Ants 
FORE DLL e IV. Tur 
pendicular to the Horizon, eutting the Circle in the Points E 
and 7; ſay AE or AI will be the Direction ſought. 1 


„ AY! 
For by the Lemma, AB = A or I but (ex confirudion 


ne) AB is equal to four Times the Height a Body muſt fall 
from, to acquire the Velocity with which it is to be thrown, 


therefore its Equal, Zl or 75 is the ſame, which by the 


Corollary was the Thing requir'd to determine the Direction 
ſought ; ra the Parabola, which the Body will de- 
ſcribe, will paſs through the Point K. Q. E. D. | 
Coroll. 1. From hence it is evident, that, if the Object to 
be ſtruck be placed any where in the horizontal Line 40 
(Fig. 27.) beyond Q, the Problem is impoſſible; for then t 
will not touch the Circle, and the Ball will not reach that Point 
with any Direction whatever. | Tt | 


And that when the Ball is directed towards H, it will 
fall on Q the greateſt Diſtance it can poſſibly be thrown to; 
but the Angle CH being equal to ABH in the oppoſite 
Segment (32 Elem. 3.) is equal to half AGH at the Center 
{20 Elm. 3.) which is a right one; conſequently. 2AH is an 
Angle of 45 Degrees. : 1099 1:50 . 


+ Coroll. 2. If the Object is ſituated in the horizontal Line 
AO (Fig. 28.) but nearer to 4, than the greateſt horizontal 
Diſtance at which it may be truck, ſuppoſe in K; the two 

with which it may be hit, are equally 
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Pran. Part 4 


"IV. Taz Height a Body will wiſe to; when 
thrown perpendicularly upwards, is equal to 


half the greateſt horizontal Diſtance it can be 


thrown. to, with the ſame Velocity “. | 
_ From hence we may eafily —— how far 


a Mortar-Piece, or other ſuch Machine will 


carry a Ball. Let the Ball be ſhot perpendi- 


cularly upwards, note the Time of its Aſcent 


and Deſcent, half that is the Time of Deſcent; 


from whence we learn the Height from which 


it falls) for Bodies are obſerved to fall in the 
firſt Second of Time fixteen Feet) conſequent- 


Iy in two Seconds they fall four Times ſixteen 


Fee (Chap. V. F. 4.) in three, nine Times as 
much, &c. but the pes Height from 
whence. it falls is the ſame with that to which 
it aſcended, conſequently. (F. 4.) the double of 
this is equal to the greateſt horizontal Diſtance 


to which that Machine will carry the Ball with 
an equal Charge. 


Eh diſtant from the Direction AH; for the Angles TAH and 


H are equal, as inſiſting on equal” Arches. TH me HE, 
(28 Elem. 1 


'®. Coroll. 3. The Altitude of a —— Projection is 
e to a fourth 2 10 the Height 4B ; for the Velocity, 


with which the Bod 2 is (ex I porb.) ſuch as it 


would acquire by falli through a fourth Part of the Line 4B ; 


but a fourth Part of Line AB is equal to half the Eine 
GH, or 49 (Fig. 27.) that is, half the greateſt; horizontal 


Diſtance to whic the Body can be thrown. 
See Cates's Harmonia eee, p. 87. Eifi Introdud. 


V. * 


* 


5 ad Pf Pret. 16. 


4 : 


v. Tur Randoms of two Plojectiles, hav- 


ing the ſame Degrees of Elevation, but throwẽwn 
with different Velocities, are as the Squares of 
the Velocities ; For by the laſt, the Randome 
are equal to double the Heights to which the 
- Bodies thrown perpendicularly upwards will 
| aſcend, but the Heights are (Chap. V. F. 6.) 
as the Squares of the Velocities, therefore the 
Rangdams are ſo too. 1 
VI. Surros ix the Motion of the Earth, 
all Bodies, when thrown perpendicularly up- 
wards, deſcribe Parabola's; notwithſtanding 
they appear both to aſcend and deſcend in the 
ſame right Line. OM» 5 
Tuts may very eaſily be illuſtrated in the 
following Manner: let there be a Body car- 
ried Kos along the Line AB (Fig. 29.) 
by the Motion of the Earth from A towards 
B; as it paſſes the Point C, let it be projected 
upwards, by ſome Force acting underneath it 
in the Direction CO perpendicular to the for- 
mer: The Body will not thereby loſe its Mo- 
tion, which it had in common with the Earth, 
towards B (by the firſt Law of Nature) but 
will be carried by two Motions, one towards 
B, the other towards O; let us then ſuppoſe, 
that in the Time it would have advanced for- 
wards to P in the Line AB, it riſes upwards to 
M in the Line CO; it will then be found 
in D (Chap. IV. F. 2.) In like Manner, ſup- 
poling it would have advanced forward rs * 
* N while 


* 


« { k h 7 1 a ; 
. \ Roi $3 * 3 * ; 225 


. r 


bile it riſes to N, it would then be found in 
E, afterwards in F, then in G, Sc. deſcribing 
the Curve CGL, which (from what was de- 
monſtrated under F. 1.) is a Parabola . 
Tur Reaſon, why it appears to a Spectator 
to riſe and fall perpendicularly, is becauſe he is 
arried uniformly along with it by the Motion 
df the Earth in the Direction AB; v. g. Sup- 
poſe the Spectator at C at the Inſtant the Body 
Is thrown from thence, when it arrives at D, he 
will be moved to P, when the Body is at E he. 
will be at Q, @&c. as is evident from what was 
obſerved about the Motion of the Body in the 
Curve; and they will both meet in L. There- 
ore ſince the Spectator imagines himſelf ſtands. 
ing ſtill, and ſees the Body always perpendicu- 
rly over his Head, he muſt of Courſe think, 
gat it rifes right up, and falls right down. 


Ir may be proper to obſerve here, that Ex- 
riments, relating to the Motion of projected 
dies, do not exactly anſwer the Theory, 
e Reſiſtance of the Air deſtroying Part of 
heir Motion; for which a ſmall Allowance is 
id be made. VVV 5 


. 


Den. Suppoſe the Motion the Body had in common with 
the Barth towards B, (Fig. zo.) and that with which it is 
Weich ea towards O, ſuch; as being compounded (Chap. IV. 5. 1 

zuld have produced a Motien in the Direction CA; it will | 
follow from thence, that the Path deſcribed by it will be the 

- fame, as if it had been thrown in that Direction from a Point 
C at Reft ; but in that Caſe it would have deſcribed a Pa- 

bola as CGL (5. 1.) ; therefore alſo in this. Q. E. D 
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CHAP. N D 


Of Centripetal ind Centrifugal Eure, +: 


HEN a Body is projected in an ho- 
rizontal Direction, and by its Gravity 
made to deſcribe a Parabola, as demonſtrated 
in the laſt Chapter; the Curvature of that Pa- 
rabola will vary in Proportion to the Velocity 
with which the Body is thrown, and the Gra- 
vity which impels it towards the Earth. Fot 
the leſs its Gravity is in Proportion to the 
Quantity of Matter it contains, or the greater 
the Velocity is with which it is projected; the 
leſs it will deviate from a ſtraight Line, and 
the further it will go, before it falls to the 
Earth. For Inſtance, if a Bullet be ſhot out 
of a Cannon from the Top of a Mountain 
with a given Velocity in an horizontal Direc- SI 
tion, and goes in a Curve Line, ſuppoſe to 
the Diſtance of two Miles from the Foot of the 
Mountain before it falls to the 3 
the ſame Bullet, ſhot with a much greater Ve- 
locity, would fly to a much greater Diſtance 
before its Fall. And by increafing the Velo- 
city, the Diſtance to which it is projected may 
2 be inereaſed as much as you pleaſe; ſo that 
* it will not fall to the Ground, till it is arrived 
5 at the Diſtance of ten, or chirty, or ninety 
Degrees Re wat it has even ſurrounded the 


| whole 


=y 


whole Earth, and arrives at the very Top of 
the Mountain from whence it was projected: 
In this Caſe it will perform a ſecond Revolu- 
tion, and ſo on in mfinitum, without a new 


Projection, provided the Refiſtance of the Air 


is taken away. And were the Sphere of the 
Earth's Attraction a limited one, it might be 
projected with ſuch Violence, that it would 

continually recede from the Earth in a Curve, 


till at length it would go out of. that Sphere 3 


after which it would go on in a ſtraight Line 
without ever returning. Which may thus be 
illuſtrated. 


.Ler ABC (Fig. 31.) repreſent the Earth, 


M the Top of the Mountain from whence 


the Body is projected in the Direction MQ: 
It he og thrown with ſuch Force as to carry 


it to 


before it falls, or to C, or even to go 


round to M, deſcribing the Circle MDM; 
or laſtly, it may be made to deſcribe the Curve 
Mo, by which Means, if it gets out of the 
Sphere of the Earth's Attraction, ſuppoſe at O, 
it will go on afterwards in the infinite ſtraight 
Line OX, there being nothing to ſtop or alter 
its Courſe. Farther it may be projected with 
ſuch a Force from M (Fig. 322 as will cauſe it 
e 


continually to recede from 


Earth, till it ar- 


rives at the oppoſite Point G, deſcribing the 


Curve MKG; and if the Point G is within the 


Sphere of the Earth's Attraction, the Body will 


return to M, deſcribing the Curve GLM ex- 
= :  altly 


- 


* 
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| Chap. X. Central Forces, 63 
actly fimilar to MKG; and in moving nearer 
and nearer to the Earth, till it comes to M, will 
regain what Velocity it loſt in going from M 
to G, its Gravity conſpiring with its Motion 
from G to M in the fame Degree in which it 
oppoſed it from M to G; conſequently the 
Body when at M, having recovered the Velo- 
city with which it ſet out, will be enabled to 
rfotm a ſecond Revolution in the ſame Curve 
as before; and fo on. 1 
As Ax, ſuppoſe it had been projected from 
the Point M, with a leſs Degree of Force than 
would have carried it round in the Circle 
MDM (Fig. 31.) but greater than would have 
ſuffered it to have fallen to the Earth at the 
oppoſite Point F, (Fig. 32.) it would alſo in 
this Caſe have arrived at the Point M, from 
whence it ſet out; for the Exceſs of Velocity 
it would have gained in F, by its Tendency 
towards the Earth in its Way thither, over and 
above that, with which it was projected from 


Te M. would be ſufficient to carry it off again 

t from the Earth, till it arrived at M; and to 

* make it deſcribe the Path FPM exactly fimi- 

* lar and equal to the former, loſing in its Way 

*y from F to M juſt ſo much Velocity, as it gain 

Gs ed by paſſing from M to F; and thereby it 
1e would be enabled to perform an infinite Num- 8 
* ber of Revolutions in the ſame Curve, with - 

ll out requiring a ſecond Projection. 

x- | | | 

ly FROM 
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Fx on whence it follows, that PRES a 

mb projected from a Point at any Diſtance 
within the Sphere of the Earth's Attraction, 
with a Force ancient to carry it half round 
without falling to the Surface, it is impoſſible 
it chould fall upon any Part of the other half; 
but will return to the Point from whence it 
ſet out, making continual ſucceſſive Revolu- 
tions in the ſame Curve; provided it meets 
with no Reſiſtance from the Medium through 
which it paſſes, nor any other Obſtacle to ob- 
ſtruct its Motion *. 

From hence alſo it is 8 that, ths nearer 
| the revolving Body approaches to the Earth, 
the faſter it moves: Its Velocity being conti- 

nually increaſed during the Time of its Acceſs 
| towards the Earth, and as much retarded du- 
ring its Receſs from it. And this Accelera- 
tion and Retardation will always be ſuch, that 
the Body will deſcribe equal Areas in equal 
| Times: The Meaning of which is, that if we 
| imagine a Line conſtantly extended. from the 


Center of the Earth to the Center of the 
Body, that Line will always deſcribe or paſs 
eb equal Surfaces or Spaces: in equal 


Ss ts. 


9 Gravity 1 were fu noſed to. W inverly as the Squares of 
the Diſtance from the Fares for *tis poſſible that the Force, 
by which a Body tends towards another, may vary in ſuch a 
Manner at different Diſtances, that the projecte Body ſhall 
; deſcribe a ſpiral Line, continually approac 18 to, or receding 
from, that n which it revolves. ; 
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1 | 3 ay MN I: bigs: | 
Times, for it conſtantly becomes ſhorter, the 
faſter it moves; and vice verſd ®. _ * 


Ap for the ſame Reaſon that a Body, pro- 
jected with a ſufficient Velocity, may by the 
Force of Gravity be made to deſeribe a Curve 
round the Earth, and perform continual ſuc- 
cellive Revolutions therein; it follows, that 
the Moon may by the ſame Force of Gravis 


Dem. Let the Time in which the Body performs one Re. 
volution be divided into equal Parts, in the firſt of which let 


the ary forge the right Line 45 (Fig. 33.) in the ſecond 
Part of Time; if not prevented, it would 55 ſtraight on to c, 
deſcribing the Line Bc, equal to 4B, by the firſt Law of Na- 
ture; the Lines SA, SB, Sc being drawn, the Triangles $2.4, 


ScB, will be equal to each other, their Baſes 4B and Bc be- 
ing equal, and their Heights & the ſame (38 Elem. 1.) When 


the Body arrives at B, let the centripetal Force by one ſingle 
Impulſe turn it out of the ſtraight Line H into the Line BC; 
in which let it move on uniformly without — a ſecond 
Impulſe till it comes to C. Let Cc be drawn parallel to SB, 
meeting BC'in C; then at the End of the ood Part of Time, 


the Body will be found in C, having deſcribed the Diagonal - 


of the Parallelogram Ve, (Chap. IV. F. 2.) Draw SC, und the 
Triangle Sc will be equal to the Triangle ScB, (each hay- 
ing the ſame Baſe 88, and being between the ſame Parallels 
Cc and SB) and therefore alſo equal to the Triangle SZ. 


For the ſame Reaſon, if the centripetal Force acts in the Points 
D, D, E, ſucceſſively, ſo as to make the Body deſcribe the 


ſtraight Lines CD, DE, EF, &c. in ſo many equal Parts of 
Time, the Triangles SCD, 6D; SEF, &c. will be all equal 
to one another, and to the Triangle SA4B.. Conſequently equal 


Areas are deſcribed in equal Times. Let us then ſuppoſe the 


Baſes of thoſe Triangles, viz. 4B, BC, CD, DE, &s. di- 
miniſhed in infinitum, and likewiſe the Times in which th 
are deſcribed ; then will. the Perimeter 4, B, C, D, E, F, 
_ become a Curve, and any N 1 of thoſe * 
taken together (or their Areas) wi proportional to the 
Times in which they are deſcribed, 2. 3. D. ; ; 8 
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ty be made to revolve about the Earth, or any . 
other Planet, by the like Force, about the 
Sun; if the Velocities with which they move 
are duly adjuſted t the Forces by winch they 
Ire acted upon. | 
Wurd s Body-revolves about aortivr in 
chis Manner, that Force or Power by which it 
is prevented from flying of (as it otherwiſe 
would do in a Tangent to the Curve which it 
deſcribes) is call 'd the Centriperal; the Coun- 
ter- action of this, by which it endeavours to 


fly off, the Centrifugal; theſe, by the third 


Law of Nature, being egual to 'cath "other, 
are called by one common Name, Coiral 
Forces; that with 'which the. Body is at firft 
projected, or continues its Motion from any 

oint, is the Projectile Force; and the Time 
in which it performs one Revolution, tlie Pe- 
. b 

HESE Forces,: ly-relatin to-theMo- 
tions of the SIRE win be more 


largely treated of in 'the fourth Partiof this 
Treatiſe, 


CAAP. XI. 


07 — of Mui. 


I. NErokk ve proceed to explain 2 
| Laws, by which Bodies communicate 
| their Motion = one to another, it is very 


ry 


ITO. 
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heceffary to make a Diſtinction between Motion | 
and Velocity; which de dee 
and is as follows * _ 
|. By the Motion of « Body (foruetmes called 5 
Qu 
rum) is not to be underſtood the Velocity only; 
with which the Body moves; but due Sum of 
the Motion of all its Parts taken together: 


that the other has: For tis evident, that 2 
tenth Part of the larger has as much as the 


E 9 r 


of Motion; ſometimes its Aomen= 


Conſequently the mote Matter any Body con- 
tains, the greater will be its Motion, though | 
its Velocity remains the ſame. Thus; ſuppoſing 


two Bodies, one containing ten Timesthe Q 5 


tity of Matter the other does, moving with 
equal Velocity; the greater Body is {aid to 
have ten Times the Motion, or Momentum; 


other whole Body. In ſhort, that Mality in 
moving Bodies, which Philoſaphers underſtand 
by the Term Momentum or Motion; as no 
other than what is vulgarly called their Force; 
which every one knows to depend on their 
Quantity of Matter, as well as their Velocity. 
This is that Power a moving Body has to affect 
another in all Actions that ariſe from its Mo- 
tion, and is therefore a Wannen Frincigle 
in Mechanics. 

II. Now, ſince is ee or Force; 
depends equally on-t e Quantity of Matter a 
Body contains, and on chad Velocity with which 


it Op W to determine how - 
ou; 


nien _ when they: an againſt one ano- 


. \ : | 8 | : 15 
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great it is, is to multiply one by the other. 


Thus, ſuppoſe two Bodies, the firſt having 
twice the Quantity of Matter, and thrice 


the Velocity, which the other has; any two 


Numbers, that are to each other as two to one, 
will expreſs their Quantities of Matter, (it be- 


ing only their relative Velocities and Quantities 
of Matter which we need conſider) and any two 
Numbers that are as three to one will expreſs 

their Velocities; now multiplying the Quan- 


tity of Matter in the firſt, viz. two by its Ve- 


locity three, the Product is ſix; and multi- 
plying the Quantity of Matter in the ſecond 
by its Velocity, viz. one by one, the Product 


is one; their relative Forces therefore, or Pow- 
ers, will be as ſix to one, or the Moment of one 


is fix times greater than that of the other. 


Again, if their Quantities of Matter had been 


as three to eight, and their Velocities as two to 
three, then would their Moments have been as 
fix to twenty-four, that is, as one to four. 
TH1s being rightly apprehended, what fol- 
lows, concerning the Laws of the Communi- 
cation of Motion by Impulſe, and the Mecha- 
nical Powers, will be eaſily underſtood. - 


The Communication of Motion. 
I. In Bodies not Elaſtic. | 
II. I noes; Bodies are ſaid to be not EA 


fs 


_ 


i 


o- 
er, 


75757 
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ther, do not rebound, but accompany one 


another after Impact, as if they were joined. 


This proceeds from their retaining the Impreſ- - 


fion made upon their Surfaces, after the im- 


preſſing Force ceaſes to act. For all rebound- 


ing is occaſioned by a certain Spring in the 
Surfaces of Bodies, whereby thoſe Parts, which 


receive the Impreſſion made by the Stroke, 


immediately ſpring back, and throw off the 


impinging Body; now, this being wanting in 
Bodies void of Elaſticity, there follows no Se- 
paration after Impact. . : 
IV. Wren one Body impinges on another 
which is at Reſt, or moving with leſs Velocity 
the ſame Way, the Quantity of the Motion 
or Momentum in both Bodies taken together 
remains the ſame after Impact, as before; for 
by the third Law of Nature, the Reaction of 
one being equal to the Action of the other, 
what one gains, the other muſt loſe. 
Tus, ſuppoſe two equal Bodies, one im- 
pinging with twelve Degrees of Velocity on 
the other at Reſt: The Quantities of Matter in 


the Bodies being equal, their Moments and 


Velocities are the ſame; the Sum in both 
twelve; this remains the ſame after Impact 
(F. 4.) and is equally divided between them 


C. 3.) they have therefore fix a- piece, that is, 


the impinging Body communicates, half its 
Velocity, and keeps half. \ | 


nf v. Warn 


90 Communication of Motion. Part f. 
V. Wurx two Bodies impinge on eh | 
other, by moving contrary Ways, the Quantity 
of Morion they retain after Impact, is equal 
to. the. Difference of the Motion they had bee 
fore; for by the third Law. of Nature, that 
which had. = leaſt Motion, will deſtroy a 
| equal Quantity. in the other, after which they 
| will move together with the Remainder, that 
is the Difference. Se 
Tuus for Inſtance, let there $ be two equal | 
odies moving towards other, the one 
with three Degrees of Velocity, the other with 
five, the Difference of their 2 * or Velo- 
cities will be two; this remains the ſame after 
Impact (5. 5.) and is equally divided between 
them (5. 3.) they have therefore one a- piece: 
That is, the Body, which had five Degrees 
of Velocity, loſes three, or as much as the —— 


had, communicates half the Lament ans 
Fee the other half A and 
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* From * Poſitions it is eaſy t to 3 a W that 
| ſhall ſhew the Veldcity of Bodies after Impact in all Cafes what-' 
ever. Let there be 105 Bodies 4 and B, che Velocity of the firſt 
a, 'of * 6, then -($. 2.) the Moment of 4 will be ex- 
preſſed b and of B by Bb; therefore the 8um of both 
will be #4+ 1 1 and Aa—Bb will be the Difference when 
they meet. Now theſe Qpantities (by F. 4. and g.) remiin the 
ſame after Impact; but knowing the Qantities of Motion and 
| Quantities © Matter, we have che V Ve (which §. 3 is the 
ſame in both) by Gviding the former by the latter {4s follows 


A, 
fot F. 2. ) therefore? N wil in all Caſes ex- 


| pee e the N of the Bodies after Impact. gh , 


S KN. 


Clap. Commits Mat 7x COP 
e l. © Elatic Bodies. 
FL "WIL perfectly Elaſtic are fach as re- 


bound after Impact with a force equal to N 
With which they 1 impinge upon one anoth 55 | 
{206 Parts of their Surfaces, that receiye be 


Weng immediately Ag g back, 
throwing off the impinging Bodies with 3 
Farce ual to that of 
8 oM hence it 10 os that the Action 

of Elatic Bodies on each other (that of the | 


Spring being equal to that of the Stroke) 1 


wice as much as the ſame in Bodies void 
laſticity. e 15 Elaſtic Bodie 


impinge on each other, 6 loſes, me 
e other gains twice as. me otion as if 


t 7 had not been Elaſtic: we have ene fore 
an ealy Way of deter was the G 1 7 of 


Motion in Elaſtic Bo ies, kogwing fix : 
it wauld have been in the ſ Circumſt tances, 
had the Bodies been. 1 a Ee. ö 
WL if there he two. 2 5 and Elaftic 
„the one in Motion with twelye De- 
. * Velocity impinging on the other at 
the. Ke 02 Body 7 communieate 
e 
10. 1s WEE 8, Or 
all it had; n will be at 2 — 
the, 755 ** moye on with the whale Tae 
Cit 9 ormer. ef 
= E 4 VIII. Tr 


boun 


= 72 ee 51 Motion,” Pare 5 


VIII. Ir ſometimes happens, t that in Bodies 
not. elaſtic, the one loſes more than half its 
Velocity, in which Caſe, ſuppoſing them Elaſ- 
tie, it loſes more than all; that is, the Ex- 
ceſs of what it loſes, above whit i it has, is ne- 

ative, or in a contrary Direction; thus, fup- 
_ the Circumſtances of Impact ſuch, that a 
Body, which has but twelve Degrees of Velo- 
ity, loſes ſixteen; the overplus four is to be 

taken the contrary Way, that is, the Body will 
| rebound” with four Degrees of Vac v. g. 
Let it be required to determine the Velocity 
of a Body after Impact againſt an immoveable 
Odject. Let us firſt Gippoſt the Object and 
Body both void of Elaſticity: Tis evident the 
impinging Body would be ſtopp' d or loſe all its 
Motion, and communicate none ; if they " 
Elaſtic, it muſt loſe twice as much (by (7) 
and conſequently will rebound with. A 
equal to that of the Stroke, 

IX. IT is ſufficient if only one of the Bo. 
dies is Ely, provided the other be infinitely 
hard; for then the Impreſſion in the Elaſtic 
5 Body will be double of what it would have 
been; had they both been equally Elaſtic: And 
_ conſe 1 the Force with which they re- 

will be the ſame as if the Impreſſion 
had been equally divided between the two 
Bodies. 
X. Tur xz are no Bodies, that we know 
pf, either perfectly Elaſtic, or infinitely hard; 


vo tw 


LA 32 „ n - 


5 nearer vthetnfoue any Bodies MEAT > 


Perfection of Elaſticity, ſo much the nearer do 
the Laws, which they obſerve in the mutual 
Communication of their Motion, approach to 


thoſe we have laid down. 


XI. Six Is aac NeEwTON made Trials wich | 


ſeveral: Bo dina, and untl: t ede lane Dewan: + * 


of ; Elaſticity always appeared in the ſame 
Bodies, with whatever Force they were ſtruck, 


fo that the Elaſtic Power, in all the Bodies he 


made Trial upon, exerted itſelf in one conſtant 
Proportion to the compreſſing Force. He found 
the Celerity with which Balls of Wool, bound 
up very compact, receded from each other, to 


bear nearly the Proportion of five to nine to the 
_ Celerity wherewith they met; and in Steel he 


found nearly the ſame Proportion ; in. Cork the 


Elaſticity was ſomething leſs, but in Glaſs 


much greater; for theCelerity with which Bale 
of that Material ſeparated after Percuflion, he 
found to bear the rtion of fifteen to ſix- 
teen to the Celerity w ou they met. 
XII. Wr have hitherto ſuppoſed the Di- 


rection, in which Bodies impinge upon one 
another, to be perpendicular to the Surfaces: 


When it is not ſo, the Force of Impact will 
be leſs, by how much the more that Direction 
varies from the Perpendicular ; for it is ma- 
poet wal a direct Impulſe is the greateſt of all 


| * Newt. en Phil, pag. 21. 


| om 
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| only 225 in which it is Pn? for the Body to move; the 


7 —— est 5 


e that can ee de the venere | 
of Velocity *.: 


III. . is the Caſe, when Bodies impel b 


one another by acting upon their Surfaces ; 


but in Forces, where the Surfaces of Bodies 


are not concerned, as in Attraction, Cc. we 
muſt not confſider the Relation which the Di- 
rection of the Force has to the Surface of the 
Body to be moved, but to the Direction in 
which it is to be moved by that Force. Here 
the Force of Action will be lefs, by hew 
much the more theſe two Directions va 
_ each other. +. OW Meanings — "4 
a 4 a * 


The Force of Oblique e is that. of direct, as 
the Sine of the Angle of Incidence to ww diys. 0 
Dem. Let there be a Plane as 40 (Fig. 34.) which let 
— 4 nei en Point Din the Dire Bon BY : Which Line 
fed. to expreſs the Force o dire ulſe, and 
Ay be 1005 ved into two others (Chap. IV. F. 2.) 85 and BY; 
the one par rallel, the other perpendicular to the Plane; but that 
Foxce which is exerted in a Direction parallel to the Plane can 
x. way effekt it; the Stroke therefore ariſes wholly from the 


bother Force expreſſed by the * 34; but this is io the Line 
Bb, as the Sine of the Avgle auen ABD) to the Ra- 


us; from whence the Pro open is clear. 
If the Surface of the Body to be ſtrück is a Curve, then let 


2 be made a Tangent to D the Point. use. he 
monſtration will be the ſame. 


+ The Force of oblique Action is ta. that of di ed, as the 

Do- Sine of the Angle comprehended between the DireRion of 
the Force, and chat ors a Body is to be moved thereby, to 
* Nagin. | 
em. Let FD Fig. 35.) repreſent a Force acting upon 4 

Body as D, and 5 9 towards E; but let D . | 


m 


Force 


— 


Chap. XI. Communication of Motion. 8 
| Caſes, will be underſtood from the Inſtance of 
Ship under Safl. The Force by which the 
þ - Wind acts upon the Sail will be leſs, by how 
much the more the Direction of the Wind va» 
ries from one that is perpendicular to the Sur- 
face of the Sail: But the Force of the Sail to 
move the Ship forward will be lefs, by how - > 
much the more the Dire&ion of the Ship's | 
Courſe varies from that, in which ſhe is im- 
pell d by the Sail. bers ago 
XIV. To this we may add the following 
Propoſition, relating to oblique Forces, viz, 
that, if a Body is drawn or impelled three 
different Ways at the ſame Time by as many 
Forces acting in different Directions; and if 
the Quantity of thoſe Forces is ſuch, that the 
Body is kept in its Place by them: Then will 7 
tze Forces be to each other, as the ſeveral 
Sides of a Triangle, drawn reſpectively parallel 
to the Ditections in which they act“. 
orce FD may be reſolved (Chap. IV. $. 2.) into two others 
G and FH, or which is equal to GD; but tis evident that 
only the Force G impels it towards M. Now, FD being the 
: * 5 GD is the Co- Sine of the Angle FDG e chended 
| between the two Directions FE and CM; from whence the 
Propofition is clear. | | 2 
8 Den. Let the Lines 4B, AD, AE, (Fig. N 
f the three Forces acting upon the Body 4 in thoſe Directions, 
0 and by that Means keeping it at Reſt in the Point 4. Then 
the Forces EA and DA viu be equivalent. to BA, otherwiſe 
the Body would be put into Motion by them (contra' Hypeth.) 
But theſe Forces are alſo equivalent to #C (Chap. IV. 6. 2.) 
conſequently AC may be made uſe of to expreſs the Force AB; 
and EC, which is parallel and equal to 4D, may <_ the 
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CHAP XII. 
0. the M echanical Powers. 


: 1.4 AVI N G, in the foregoing Chapter, 


accounted for the Communication of 
Motion by Impulſe; we proceed next to con- 


ſider Motion as communicated by Means of 
certain Inſtruments, commonly'known by the 
Names of Mechanical Powers. The Uſe of 


theſe Powers conſiſts chiefly in managing great 


Weights, or performing other Works with "| 


determinate Force. 


II. Tus x are uſually Wei "ay Vie. 
the Lever, the Wheel and Axis, the Pulley, 


the Screw, and the Wedge; to which ſome 
add, the inclined Plane. To theſe all Machines, 
| how complicated ſoever, are reducible, . 


III. Tres Inſtruments have been of very 
ancient Uſe; for we find that Archimedes was 


well acquainted with the Extent of their 
| Power ; as may be inferred from that celebrated 
8 Saying of his, Atg ws gi, 'xai T1 yo vie. 


By which he meant, that the greateſt imagi- 
45 Weight 2 7 be moved wk the Goals 


eſt Power. 


4 


8 2D, while 48 2 exredi its own: But ACE is. a Tri- 


angle whoſe Sides arallel to the given Directions; 


therefore the Sides of this riangle will expres the - %6 "Wi 


«Ry Forces by 1 which the Body 3 is kept at Reſt. Q. E. D. 


"TEE 
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IV. TuaT Body, which communicates © 
Motion to another, is called the Power ;' that 
which receives it, the Werght. | 

V. THAT Point in a Body, which remains 
at Reſt, while the Body is turning round, is 
called the Center of Motion. Beſides this, there 
are two other Centers in Bodies, 1. That of 
Magnitude, which is a Point, as near as poſ- 
ſible, equally diſtant from all the external Parts 

of the Body; 2. That of Gravity, or that, 
about which all the Parts of the Body, in 

whatever Situation it is placed, r een balance 
each other. 

VI. War x a Body communicates Motion 
to another, it loſes juſt ſo much of its own, as 

it communicates to that other; the Action of 
one being equal to the ons of the other. 

See Chapter the laſt, F. 4, and 5. | 

VII. WuzN two Bodies have ſuch Rela- 
tion to each other (ſuppoſe them-fixed to dif- 
ferent Parts of the ſame Machine) that if one 
be put into Motion, the other will thereby 
neceſſarily. have ſuch a Degree of Velocity + 
given it, that their Moments will be equal; it 


will then be impoſſible that one ſhould begin 


to move without communicating to the other 
a Quantity of Motion equal to its own ; tis 
evident therefore from the laſt Propoſition, that 
if we ſuppoſe it to begin to move, in that 
very Inſtant it muſt loſe all its own Motion 
by communicating the Whale to the other 
* „ Body, 


LY 


| . 


0 üben W | -Fare 3 


boy, and therefore, being left to itſelf, will 
remain at reſt, and communicate none at all. 
Now the Moments of two Bodies are equal 
([chap. XI. F. a.) when the Veloeity of the 
 turſt is to that of the ſecond, as the Quantity 
of Matter of the ſecond to that of the ſinſt; 
or if we ſuppoſe their Quantities of Matter 
as one to three, then by the Suppoſition their 
Velocities are as three to one; and if we mul- 


| , tiply the Quantity of Matter in the rſt, viz. 


once, by its Velocity three, and that of the 
other, vis. three, by its Velocity one; their Pro- 
ducts are equal: Their Moments are therefore 
by the Definition (Chap. XI F. I. and 2.) equal. 
They will alſo be equal, when the Spaces the 
Bodies paſs over are in that Proportion; for the 
Times they both move in being the ſame, — 


Spaces will always be as the Velocities. 


VIII. FRo hence it follows, that in any 
Machine, whether ſimple or (compound, the 
Power, however ſmall, may have a Moment 
equal to that of the Weight; provided the 
Machine be ſuch; that when it as in Motion, 
the Velocity of the Power ſhall :bear:ſuch Pro- 
portion 'to.that-of the Weight, as the Weight 
does to the Power; for then, what the Power 
wants in Quantity of Matter or Weight, will 
be made up in Velocity ; conſequently their 
Moments will be equal by the laſt F. and 
therefore, by 5. 7. they will ee balance 
3 or he in A r 

1X, Bur 
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MN. Bur if the Power beats à greater Pro- 
portion to the Weight, chan the Velocity of 


dme Weight to that of the Power, it will then 


have a greater Momentum than the other; ſo 


that though the other receives all its own Mo- 


ment from it when the Machine moves, yet 


there will ſome remain, which, if it be ſuſſi- 
cient to overcome the Friction of the Machine, 2 5 


will keep it moving. 


Wir proceed now to treat of each den 
27 — in its Order, and | ; 


I. Of the Lzvzn. 


X. Tu x Lever is right Line (or Bar whoſe 
Weight in Theory is not conſidered) moveable 
on à Center, which is called its Fulcrum, or 


A Point. 


XI. Tur Agullibrium in this Machine iv 
when the Diſtance of the Power from the fixed 
Point is to that of the Weight from che ſame, 


as the Quantity of Matter in the Weight is to 


that in the Power. | 
Fox, ſuppoſing the Liter: placed on its Ful- 


erxum, with the Weight to be raiſed at one 


End, and the Power applied to the other; 
tis evident, the farther the Power is placed 


from the Fulcrum, or Center of — the 


larger will be its Sweep when the Machine is 
t in Motion; that is, it will move over 
pottionally more Space in the ſame Time than 


the Weighi to he raiſed: Now, if it is placed * 


to the Ii? 1 Patt” 


L 


- 


ſo many Times farther from the 8 as it 
is leſs than the Weight, it will move juſt ſo 
many Times faſter; their Moments therefore 
will be equal (F. 7) and conſequently the DI | 


and Weight will exactly. balance each other 


or be in Æquilibrio *. And, if the Power i is | 


ſufficiently augmented to overcome the Friction 


of the Machine, it will put it in Motion: 


Tur Lever is of three Kinds. 1. When the 


fixed Point is between the Weight and the 
Power, as in the laſt Caſe. 2. When the 
Weight is between the fixed Point and the 


Power. 3. When the Power is between the 2 


fixed Point and the Weight, 


Fr 
be, when their Diſtances from the fixed Point 


are ſuch, that their Velocities ſhall be inverſes 


ly as their Quantities of Matter; for then (by 


$+ 7+) being at Reſt, neither of them will come | 


municate any Motion to the other. 


IT common Scales ay. be conſidered. a as 


KB 0; rentals wa Let AB (Fi +: 2 3 the = 
yer, F the Fulcrum, the Weight, I the Power, the one ſuſ- 
pended at the Extremity of the [ 

let BF be to FA as , to P; then while the Lever moves from 
the Situation 4B into that of CD, the Point B which ſuſtains 
the Power will move as many Times farther than 4 which ſuf- 


ever 4, the other at B, and 


tains the Weight (and conſequently as many Times faſter 


ſince they perform their Motions in the ſame Time) as the Arch 
BD is longer than 40; that is, the 1 D and AFC 
being ſimilar, as the Arm BF is longer AF, which (e 


Hypirh,).is as many Times as the Weight exceeds the Power, 


| WA vil Uherefore 8 7: 5 125 in IS 2, E. P. 
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a Lever of the firſt Kind, where the Weight 
and Power are applied at equal Diſtances from 

"IM the fixed Point. 

Tus Steelyard is alſo 41 of the firſt 

Kind, but . Arms are unequal. 

Tu Difference between the Uſe of the 

Scales and the Steelyard conſiſts in this; that 


as in one you make uſe of a larger Power (or 
more Weights) to eſtimate the Weight of an 


heavier Body; in the other you uſe the ſame 


Power, but give it a greater Velocity, with re- 


you to that of the Weight, by applying it 


her from the fixed TOs which "by 8 72 


I will have the ſame Effect.” 
II. The Wurzl — PI 


XIf. Ti 1s Machine is à Wheel, that Ann 


rdund together with its Axis; the Power in 
this is applied to the Circumference of the 


Wheel, and the Weight drawn up by Means 


.bf a Rope wound about the Axis. 


XIII. In this there will be an Zquilibrium, 5 


| * the Weight is to the Power, as the Dia- 


meter of the Wheel to the Diameter of the 
1 


Tis evident, the Velocity of the Power will 
exceed the Velocity of the Weight, as many 
Times as the Circumference of the Wheel ex- 

cCeeds that of its Axis; becauſe the Spaces they 

 paſs+ over in one Revolution will be as thoſe 

- Circumferences ; that is, as many Times as the 


28 FOL. F 9 Diameter 


— APs * —— —__ * — — 


„ e 3 | 
| Ha 8 one — EE. iat 
(the Circumferences of Circles being as their 


N 


, The" wher + 


Diameters ;) what therefore in this Caſe, the 
Power wants in Weight will be made up in 

Velocity, from hence (8.7. ) there will be an 
Equilibrium, * | 


1 TAE Uſe 27 this Mithide is to falle 8 
| [Weights to greater Heights than the Lever 
can do; becauſe the Wheel ; is capable of be- 


ing turned ſeveral Times round, which the 
Lever is not; and alſo to communicate Mo- 
tion from one Part of a Machine to another; 


= ene there are few rain. 5 


| . Il. The Polkzr. „ 


XIV. A Pulley i is an Inſtrument compoſed 
61 one or er Wheels moveable on their | 
Aces. 

XV. A en Pulley, FE its Axis is 26d. 
is of no other Uſe, than to alter the 515 
tion of the Power; for the Power and 
n will both move through an equal 


Geometrically W Let 4B (Fig. 38.) be the Diame- 


25 4 * of the Wheel, E that of the 43 the Weight, and : 


the Power; Wheel begins to move, the Point 3 and 
D will deſcribe "Gmilar Arches about the Center C, in the 
4 ſame Manner the Point 4 and B in the Lever were ſhewh to do 


aa about the fixed Point F (Fig. 37.) that is, the Point B will 

move as many Times faſter than D, as CB'is longer than CD. 
or AB chan DE, the Motion therefore of P 6 7 .) will be 
/ equal to that of W. From ROY erraten is clear. 
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Chap. XII. The te Pull. 


i 


Space in the ſame Time. But 313 5 


not fixed, as in Fig. 39, where the Rope 


tuns under it, or in a Combination of Pullies, ; 
as in Fig, 40. the Aquilibrium- will be, when 


the Power is to the Weight, as one to the 


Number of Ropes, that ps between the up- 1 


and lower Pullies. 


Fon, ſuppoſe one End of the Rope fired | 
in B (F; "8-3 0) and the other ſupported by the 

, It is evident, that in order to ails | 

the Weight W one Foot, the Power muſt riſe 
two, for both Ropes, viz. BC and CP, will 
be ſhortened a Foot a-piece, when the Space. 
run over by the Power will be double to that 

of the Weight; if therefore the Power is to 


Power 


the Weight as one to two, their Moments will 


be equal: For the ſame Reaſon, if there be four 
Ropes paſſing from the upper to the lower 
Pullies as in Fzg. 40. the Velocity of the Power 


four to one, 


will be quadru ws to that of the N or as 
the Power is to the Weight, as one to the 


Number of Ropes paſſing from the upper to 5 


the lower Pullies (5. 7.) there will be an 
Aquilibrium, 


XVI. Ir the Pullies be apo as in Figire | 


the 41ſt, each having its own particular Rope, 
the Action of the Power will be very much 


increaſed; for here every Pulley doubles it, 


wherefore. the Power is four Times greater 
with wy as eight Times with three, 
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In all Caſes therefore when 


? 


4 SE Times Tay Pour, Ge. f PP it is evi⸗ 
dent from the Conſideration of the Pigure, the 
firſt will move half as faſt as the Power, 
the ſecond. half as faſt as that, and fo on; 
+ wherefore (5. 20 the Power is doubled by A 
each Pulley. Fo Be | 
Tux Uſe of the Pulley i is neatly the lame 
with that of the Wheel and Axis, but it is 
| more Ry drag: 55 to be fixed e on 


1 # '$ 
5 
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XVII In this Machine the Equilibrium 8 
will be, when the Power is to the Weight, 
as the Diſtance between any two contiguous 
Tk reads or Spirals in the Screw, to the Way 

+. + deſcribed by the Power in one whole Revolu- 
tion. It is . from the Form of the 
Machine, (Fig. 42.) that in one Revolution of 
the Screw, the Weight will be moved throu gh 
a a Space equal to the Diſtance of two conti- 
guous Threads, and that the Power will run 
through a Space equal to the Compals it takes 
in oße Revolution, therefore (F. 7.) if the 
Weight is to the Power in that Proportion, 

N there will be an Equilibrium. 4 

TK s Machine is of great Force, and very 5 
deff in retaining Bodies in a compretſed 
| State” becauſe” it will; not run back, as the 
mes foregoing will, when the Power is re- 
15 . This Artes * ou great Friction 
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1 . XII. The eke es 9 BS 
of thoſe Parts in the Screw, which, during it its 
| Motion, fide upon thoſe that are at Reſt. 

V. The Wzpoz, 985 


XVIII. Tunis Inſtrument is formed by two 
equal Rectangles, joined at their lower Baſes, 
and ſeparated-at their upper ones, by a third; 


be.) which i is called the Back of the . eage z the 


| 5 1 its Sides. 
hare" the foregoing Mechanieal Powers 

we | have ong conſidered . the Weight, as 

moved in the ſame Direction with that, 


which it is acted upon by the Machine, as is: AY 


5 commonly the Caſe; but in this, the Weight 
is generally applied i in ſuch a Manner, as to be 


made to move in a Direction different frum 


that in which it is protruded by the Wedge; 
hence it is, that Mathematicians have wide- 
differed in their Determination of the 
Power of this Machine, ſome conſidering the 
Weight as moved by it in one Direction, and 
ſome in another. Nay, there are ſome, even 
among the late Writers, that have fallen inta 
manifeſt Errors in their Reaſonings about it. 
We will therefore lay down' the ſeveral Propor- 
tions they have given us, for the determining 
the Power of this Machine, and examine them 
done by one. 1, It is demonſtrated by ſome, 
that the Power will be equivalent to the Re- 
ſiſtance of the Weight, when it bears ſuch 


| Pr uy tion to th as the Breadth of the *. | 
06 Ear — 
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or, Which is the ſame Thing, as half that 
Breadth to one of its Sides. 2. Others make 
it ſomewhat larger, and demonſtrate, that it 


duct to be, as half the Breadth of the Back 
0 the perpendicular Height of the Wedge. 
23. Some are of opinion, that there will not be 


ba . 


an Amquilibrium in this Machine, unleſs the 


Power is to the Weight, as the whole Breadtm 


of the Back to the perpendicular Height; viz. 
| WAI LIS, KEIL, GRAVESANDE, Go. 


For determinin g the Power of this Machine, 


ſuppoſe the Parts, which are ſeparated from 
each other thereby, to recede from the firſt 


| Situation in Directions perpendicular to the ; 
Sides of the Wedge. Thus let BAC (Fig. 43.) 


repreſent a Wedge; P, P, two Bodies to be 


ſeparated by it, the one to be moved towards 
I, the other towards F, in the Directions CI, 


and CF, perpendicular to AC and CB; then 


tis evident, that when the Wedge is driven 


into the Situation MN O, the two Bodies 


will be moved to Q and Q; that is, one will 


” 


have paſſed through the — CK, the other 


through CL, but theſe Spaces being equal, 
their Velocities are the fame as if they Had 
both paſſed over one of them, v. g. CL, or, 
Which is equal to it, DG (drawn perpendicu- 
lar to CB); therefore the Power, which we 
ſuppoſe applied to D, moves through DC, * 
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Ohap. XII. The Hedge 8 
the Obſtacle moves through DG, conſequent- 
J) (5. 7.) when the Power is to the Weight 
as DG to DC, that is, as DB to CB, or 
half the Back of the Wedge to one of its 
Sides, they will be in Æquilibrio. This Pro- 
panes therefore; when the Parts of the S | 
Weight are ſuppoſed to be moved by the © Ml 
Wedge in the Directions CI and CF, is 1 
true. ir | | | 
| 222. Tue ſecond Proportion is alſo true, ſup-. _ 
1855 poſing the Bodies P, P, to recede from each 3 
other in the Directions CN and CM, parallel to 
AB the Back of the Wedge; for, when the 
Wedge is driven in between them, to the Si- 
tuation MNO, the Bodies will have moved 
through a Space as CN, or, which is equal * 
dc it, DB, half the Back of the Wedge, and ©» 
| the Power through a Space equal to its Height - 
as before; conſequently (F. 7.) in this Caſe, 
the Equilibrium will be, when the Power is 
to the Weight, as half the Back of the Wedge 
to its Height TP. es 
„ e 3. Trosn, 


For (8 Cen. 6.) the Triangle DCG and DG are ſimilar, 
and 8 DG: DC :: DA: CB. 2 | 
+ The ſame may be otherwiſe demonſtrated from Section 14. 
Chapter XI. thus. Let there be a Body as L (Fig. 44.) drawn 
againſt the Wedge 480 by the Weight V, in the Direction 
IT, parallel to the Back of the Wedge 4B; but prevented 


74 l 5 from ſliding down towards C, by a Plane (whoſe upper Surface 
we may 4 repreſented by EF) lying under it. I fay, the 
 _ - Power will be to the Weight, when they are in Equilibrio, as 

. : WW + x | BY | Dem. 
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3. Twoss, who imagine there will not be 
an Equilibrium, unleſs the Power be to the 


. 
* 


| Weight, as the whole Breadth of the Back 


of the Wedge to its Height, ſuppoſe, as in 


the laſt Caſe, that the Bodies to be ſeparated 
_ recede from each other in Directions parallel 
to the Back of the Wedge; and endeavour 


to ſupport their Opinion by the following Ar- 
'-  gument; vir. that, when the Wedge is driven 

into the Situation MNO (Fig. 43.) as before, 
each Part of the Weight having moved through 


by” Space equal to half the Back of the Wedge, | 


the whole Weight has therefore moved through 
i Dem. The Body L is here acted upon in three Directions 


Vir. by the Force of the Weight W in che Direction LF, by 


the two Planes CA and EF, in the Directions LG and LI, 
rpendicular to their Surfaces; let GE be drawn parallel to 
J, then will the Triangle LGE have all its Sides reſpective- 

ly parallel to thoſe Directions; conſequently (Chap. XI. C 14.) 

if we ſuppoſe LE to expreſs the Force of the Weight, GE will 


expreſs that of the ſuppoſed Plane, or which is the equal to it, 


auſe they act in contrary Directions to that of the Power: But 


bk is to EL, as DA to DC (for the Triangles EGL and DA 


are ſimilar, the Sides of one being ex Conftru#. reſpectively 


perpendicular to thoſe in the other; v. g. LG to C4, FL to 


DC, and GE to DA); conſequently the Power is to the Weight, 
when they balance each other; as half the Breadth of the Back 


of the Wedge to its Height. 2. E. D. 3 ; 
' _ © Coroll.” Suppoſe the Body L had been drawn againſt the - 


- Wedge in the Direction GL perpendicular to its Surface, and 


Were to be moved by it in the contrary Direction towards 


, as in the firſt Caſe; then if GL expreſſes the Force with 
Wich it is drawn towards the Wedge, GE will be that with 


Which it refiſts the Power; but GE is to GL as DA to AC, 
the Triangles EGL and DAC being ſimilar ; conſequently in 


this Caſe, the Power will be to the Weight, as half the Breadth 
If the Back of the Wedge to one of its. Sides; as was before 
"demonſtrated. . 1 5 


| der n _ The Wedge: | 


twice ſo much, or a Space cual to as whole 
Back: As much as to lay; y, the Whole has 
50 moved farther than its Parts; which is abſurd. 


XX. To determine the Power of this Ma- 


_ in general, let ABC, in Fig. 43. repre- 
ſent an Iſoſoeles Wedge, whoſe Sides are AC 
and BC, and its Back AB; draw the Line CD 
35 perpe pendicular to AB; and let R, R, repreſent 
7 equal Bodies to be ſeparated by the Wedge, 
> fa ** them confined by Planes put un- 
der them, or otherwiſe, to move in the Direc- 


tions T and Z only, that are equally inclined 


to the Sides AC and BC reſpectively: And let 
the Wedge be driven in the Direction DC. Let 
n be the Point where the Body R touches the 
Medge, and through = any Point in the * 
M draw the Line 72 parallel to DC, and pa 
rallel to mT draw DX meeting CB e 5 
i neceſſary) in X; then the Triangles mur and - © 
CD will be Grader; the Sides of the one 
being reſpectively parallel to thoſe of the other. 
And becauſe the Bodies to be ſeparated are 
caual, and the Wedge Iſoſceles, the Lines mT 
and Z equally ;ochned to the Sides CB and 
CA, and the Wedge driven in the Direction 
De, the Bodies will be N moved with equal 
Degrees of Velocity; and while the Wedge 
moves downwards a Space equal to rn, each f 
the Bodies will be driven in the Directions mT 


and E over a Space equal to nn If rn there- 


Thee | be taken: to meaſure. the Velocity of the 
Ns | Wedge | 


. 


* 
„ 


FT 7 - 
- 
« „ 


m dug, W N 
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dies; for as to their moving different Ways, that 
makes no Difference, — they are as free 
to move one Way as another. Since then the 
Triangles mur and DC are ſimilar, and thete- 


| | fore the Proportion of rn to mn the ſame as 


that of DC to DX, the Velocity of the Wedge 
will be to the Velocity with which the Bodies 

R, R, are driven by it, as DC to DX; and 
conſequently, whatever Forces, acting in the 


Directions Tm Zi, oppoſe the Motion of the 


Wedge, a Force of the ſame Kind, acting 


- 
' the Back of the Wedge at D in the Direction 


DC, and puſhing it forwards, will be in Æqui- 
brio therewith, when it bears ſuch Propor- 
tion to them, as DX does to DC: And there- 

fore, if DC be taken to meaſure the Reſiſtance 
of the Bodies to be moved by the Wedge, 


Dx wil always be the Meaſure of the Power 


: requiſite to make an Æquilibrium therewith. | 

FRO this general Theorem the particular 

| Caſes that fall under it are readily deduced. 
Thus, if the Bodies R, R, are confined to move 


upwards in Directions parallel to the Sides of | 


the Wedge, T will lie parallel to CB; and 
therefore DX the Meaſure of the Power ne- 

_ _ ceflary to make an Equilibrium, being to be 

'-, drawn parallel to T, muſt be drawn parallel 


alſo to CB; it will therefore meet CB produeed 8 


dat no leſs than an infinite Diſtance, and will 
8 hd itſelf be infinite ; I hat is to ſay, 
; . mg 


1 G =. The Wage, 


J's * 
no finite Power Will be üble to Aire the 
Wedge any farther between the Bodies thus 
| Mey if the Bodies-are confined to an hoti= 
. zontal Motion, mT becomes parallel to AB the 
Back of the Wedge, and DX (parallel to 1) 
falls upon DB, and DB halt the Back of the 
Wedge is the Meaſure of the Power requiſite 
to conſtitute the Æquilibrium. If the Bodies 
are confined to move off at right Angles to the 
Sides of the Wedge, DX falls upon DG, and 
- DG meeaſures the Power; confequently, DG 
being ſhorter that any other Line that can be 
drawn from D to the Line CB, the Power in 
this Caſe neceffary to make an Aquilibrium 


with the Reſiſtance of the Bodies, is what the 2 


Mathematicians call a Minimum; that is, it is 
leſs in this than in any other Suppoſition hat- 
ever. And if the Bodies are to be moved per- 
pendicularly downwards, X falls upon C, and 

De becomes the Meaſure of the Power: But 
Do is all along ſuppoſed to meaſure the Reſiſt- 
ance of the Bodies to be moved by the Wedge; 
the Power therefore and the Reſiſtance are now 
equal to each other; which implies that the 
Bodies in theſe Circumſtances are capable of 


being moved either with or without the 


Wedge with equal Eaſe. If the Bodies are 
confined to move downwards in Directions 


\ rillel to the Sides of the Wedge, DX becomes 


parallel to BC, the Point X falls upon it infi- 
* below ©, and therefore DX, and conſe- 
quently 
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comes infinite again; that is the Bodies cannot 
be driven by the Wedge in thoſe: Directions 
by any Power whatever. When the Bodies 
N, R, are not confined, but are at Liberty to 
move in any Direction whatever, they will 
ghaturally take that in which they may be driven 
by the Wedge with the greateſt Eaſe; that is, 


they will take that which is perpendicular to its 


De! Sides and therefore the Perpendicular DG, 
which was the Meaſure of the Power ev” 5g | 
ry to make the Aquilibrium, When the Bodies 
were confined to move in that Direction, and 
was the Minimum, will be the Meaſure 0 it | 
1 Wo. in this Suppoſition. 


XXI. Trex conſidering the Bodies to hat a 


N ee by the Wedge as confined to move from | 
. _-each other in particular Directions, leads us to 
an eaſy Solution of a Caſe relating to one of the 
Uſes of this mechanical Power, I mean the Di- 
viding of Bodies therewith. To determine the 


Power of it in this, let us conceive the two 


Pieces L. Q and LQ as turning upon a Joint at 
IL, which Joint is to be opened by the Wedge 
- ACB, driven in between the Pieces, and preſ- 


ting againſt them only at their Extremities G 


denoted the Tenacity or Coheſion of the Parts 


olf the e to 2 8 Let the Lines GF 
Win 92 6 | „ ; net : 


and H, as repreſented i in Fig. 45. And let us 
ſuppoſe that there is a certain Degree of Stiffneſs 
in the Joint, by which Stiffneſs may aptly be 


* of 


— 


OCbap. XII. The Wedge. 93 
and HI be drawn perpendicular t6 the Lines - 
L and LH, which will therefore be the Dix 
rections, which thoſe Extremities will be con- 
fined to, when they begin to move: Parallel to 
one of theſe, as GF, draw DX; then ſince, 
as we have juſt been ſhewing, if two Bodies, 
confined to move in the Directions GF and HI 
only, were to be ſeparated by the Wedge, the 
Power neceflary to make an Æquilibrium with . 
the Reſiſtance of thoſe Bodies would be to that 
Reſiſtance as DX to DC; or that, if DC be 


taken to meaſure the Reſiſtance they make, 


DX ſhall meaſure the Power that ſhall cauſe an 
Equilibrium between them, it follows, that, in 


this Caſe, if we meaſure the Force, which, if 


appliech at G and H in the Directions GF and 
HI, would overcome the Tenacity at L, and 

rend the Pieces aſunder without a Wedge, 
Dx will be the Meaſure of the Force, which 
would, with equal Eaſe, perform the ſamęe 
Thing by the Help of the Wedge. And when 


 _ the Point comes infinitely near to L, and DX, 


N 3 


parallel to GF, becomes therefore perpendicular is 


to CB, and conſequently the Triangles DC 
and DCB become fimilar (8 Elem. 6.) the 


Power neceſſary to rend the Pieces with the re 


Wedge will be to that which would do the 


fame without it, as DX to DC; that is, be- 
cauſe of the Similarity of the ſaid Triangles, 


as DB to BC, or as half the Back of the 8 7 
6 one of its Sides. wp | 


# 


* 


.. + cient to move them that would have been re- 
quired in that Caſe; but in that the Quantity of 


* the Joint L, and confider only the Quantity 


of Matter in the Power that drives the Wedge, 

and in the Bodies LQ and LQ to be turned upon 

by that Joint, neceſſary to make an Equilibrium 8 

between them, as is the uſual Method in The- 

_ oxy, and obſerved in all the other mechanical 
owers, and the Thickneſs of the Pieces be the 


from End to End, and their Subſtance 


3 ſo that their Centers of Gravity may 


be in the Mid- way between L and G, or L and 
H, or any where in the Arches bc and 


, Whoſe Centers are at L, and which cut the Lines 
LG and LH in the Middle, the Æquilibrium 5 


» will be, when the Quantity of Matter in the 
Power is to the Quantity in the Bodies JQ and 


LQ, as half DX to DC, and when the Point 
of the Wedge comes infinitely near to L, and 


DX becomes perpendicular to BC, and the 


\ Triangles DC and DCB fimilar (as above) as 


half DB to BC, or as a Quarter. of the Back of 
the Wedge to one of its Sides: Becauſe, as is 
evident, in this Suppoſition the Centers of Gra- 


vity of the Pieces will have but half the Vele- 
city they would have had, had all Parts of them 


been to be moved as faſt as the Extremities G 
and H; half the Power will therefore be ſuffi- 


Matter in the Power muſt have been to 9 4 
e in the * . as DX to Des 
3 an , 


e The w edge. Part 8 
B T4 15 we have no regard to FR Stiffneſs 


Thus XII. SH bse n Lane „ 
and, when C comes infinitely near to L, 2 ß 
to BC; it is therefore, in the preſent ſuppoſi- 
tion, in the former of theſe Caſes; as half DX 
to DC, and in the latter, as half DB to BC; or 
nds a fourth \ Sp Back of the . | 
one of its Sides. | 5 
On this Propoſition may be conſidered 3 in atio- 
ther Light, thus: The Centers of Gravity of 
the two Pieces LQ and LQ being in the Arches 
be and de, that cat LG and LH in the 
Middle, they are carried upon the Levers LG 


__ andLHainthe Mid-way between their common 


Fulcrum L and their Extremities G and H; the 
- Wedge therefore has not only a mechanical 
Advantage over them, in Conſequence of its 
own Form, in the Proportion of DX to DC, 
but in Conſequence alſo of their being carried ' 
upon the ſaid Levers, in the Proportion of two . 
ts one; the Wedge therefore has twice the 
Power over them it would otherwife have; and 
_ conſequently half the Quantity of Matter in the 
Power that drives the Wedge is ſufficient to 
conſtitute an Æquilibrium that is -roquames 
| where no ſuch Levers are concerned. 
XXII. Tat Formof the Inclined Plane being 
no other than that of half a Wedge, as is ma- 
nifeſt from the Repreſentation of it (Fig. 46.) 
it follows, that what has been demonſtrated 


bf the one, may be applied to the other, and 


the Properties of both will be found the ſame. 
1 * if the Fm" mA is to be drawn 


5 


5 j a , * þ 
| 8 | . . 5 % | * 
8 ; 8 
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up the Plane CB, by the Power P, in a Di- 


rection parallel to the Plane, inſtead of that, 
ve may ſuppoſe the Weight prevented from 


running off the Plane by the String W H, and 
the inclined Plane driven under it like a Wed 

in the Direction DC: Then will the Weight 
. riſe towards G in a Direction perpendicular 
to CB, for we muſt always ſuppoſe the String 
VB parallel to the Plane (as it would have 
as if the Weight had been drawn up by 


it;) then will the Action of the Plane upon 


the Weight be fimilar to that of the Wedge 
in the firſt Caſe, and conſequently the Power 
will bear ſuch Proportion to the Weight, as 
DB ͤ to BC; that is, as the Height of the — 


to its Length. Again, ſuppoſe the Weight 


Was to have been drawn up the Plane by a 
Strine in the Direction WF parallel to ED 
the Baſe of the inclined- Plane; then if the 
Plane be driven under the Weight as before, 
it muſt riſe in a Direction perpendicular to 
Cb, that is, parallel to DB: Then the Caſe will 
be analogous to the ſecond of the Wedge; 


conſequently, the Power will be to the Re- 


ſiſtance of the Weight, when there is an 
 Aquilibrium, in the Fropontion. of DE to DC, 
as there demonſtrated. . 
XXIII. Tus x are the 3 or Machines 
Fe a under different Forms,, conſtitute all 
others how complicated ſoever; and as the 
, ee in any one of theſe, is, e the 
ower 


ed, the Power and the Weight will exactly 


balance each other, when they are in this 


Proportion; for by F. 7: their Moments will 
then be equal, and the Machine, if at Reſt, 
will continue in that State; and, if put into 


Motion by an. external Force, will gradually 
loſe it when that Force ceafes to act; on Ae- - 
count of the unavoidable Friction of the Ma- 

chine, and the Reſiſtance of the Air, Which 
it muſt neceſſazily meet with, unleſs its Me- 
tion could be performed in a perfect Vacuum. 
From hence we ſee the Impoſſibility of con- 
triving an Engine, whoſe Motion ſhould be 


perpetual, that is, ſuch as does not owe its 


Continuance to the Application of ſome ex- 


ternal Force; a Problem that has given Birth 
to an almoſt infinite Number of Schemes and 
Contrivances. For unleſs ſome Method could 


be found out of gaining a Force, by the art- 


ful Diſpoſition and Combination of the Me- 


cChanical Powers, equivalent to that which is 
continually deſtroyed by Friction, and the Re- 


fiſtance of the Air, the Motion which was at 

| firſt given to the Machine, muſt at length be 
neceſſarily loſt, But we ſee, that thole In- 
ſtruments are only different Means, whereby 
one Body communicates its Motion to another, 
and not deſigned to produce a Force which 
had no Exiſtence before. Tis for Want of a 


Vo. I. G 3 due 


Power and Weight are inverſely as their Ve- 
locities; ſo in a Machine, however compound - 
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"as hanical I Defigns have proved abortive, ſo many 
| Engines unequal to the Ne for which 


F tie. is 
Ir it were poſſible ſays Biſhop Wilkins, 
. 70 <ontrive. ſuch an Invention, whereb' 
any conceivable Weight may be moved by 

4 5 al 9 conceivable Power, both with equal 
, Velocity (as it is in thoſe Things which are 
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by ties attempted. N 
| 
10 


the Help of any other Inſtrument) the 
Works of Nature would be then too much 
ſubjected to the Power of Art; and Men 
might be thereby encouraged (with the 
Builders of Babel, or the Rebel Giants) to 
© ſuch bold Deſigns as would not become 
a created Being. And therefore the Wiſdom 
© of Providence has ſo confined theſe Human 
Arts, that what an Invention hath, in the 
Strength of its Motion, is abated in the Shw- 


nary Nuichne/ of its Motion, muſt be al- 


lowed for in the great er e 9955 in 
13 ebwer which 1 is to move it Lax) | 
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due Conſideration of this, that ſo many Me- 


they were deſigned, and bn, ! 9 


immediately ſtirred by the Hand, without 


e of it; and what it has, in the extraordi- 
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” of the 8 wohich ow" from 
the mutual Action of the Tan 6-4 
Fluids upon one another: 


laid down and explained the general 
Laws of Nature, and from thence de- 
duced thoſe Phznomena, which are in a ſtrict 
and * Senſe * * Mechanical: 


I pro- 


\ 9 ti ergo e ll ie e and e 
- Fi Bodies u N one another may be called Mechanical; as being 
8 all ſabj dee, we Laws of Motion. In Hydroftatics 
Fluids are governed by the Laws of Mechaniſm, as much as 


4 IM the Ace Powers e are; the ſame holds 2 7 


5 I. * the former Part of this Eday, 1 ud. 
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I proceed now to an "Explanation of ſuch, as 
__ Philoſophers. have comprehended under the 
Name of Hydro/tatics ; the Intention of Which 
is to explain the Nature of Fluide, and the 
Manner wherein they act upon one another, 
and upon Solids: 5 

II. The Nature of a Fluid *, as Goals 


+" a> * that of a Solid, or hard Body, conſiſts 


in this, viz. that its Particles are fo looſely 
connected together, that they readily move 


BB Places, when preſſed with the 


leaſt Force one Way more than another . 
5 F tom whence Ts ate Mt that 


. they 


Rays of Light, as will be ſeen when we cpme to Optics; and 
in the larger Bodies of the Planetary Syſtem, Mechaniſm equal- 
vails, as has been demonſtrated by Sir 1/aac Newton ; 


which we ſhall endeavaur to make out when we treat of the 


| Phyſical Cauſe of the Motion of the Heavenly Bodies. 


Some Philoſophers make the following. Diſtinction in Flu- 
ids; thoſe which flow or ſpread themſelves till their Surfaces 
become level or horizontal, they call Liguid; in Contradiſtine- 
tion to Flame, Smoak, Va "gy Se. which are alſo Fluids, but 
do not acquire ſuch a Sur 
exciting in us the Idea of 1 as Water, c, they call 
Hamid, diſtinguiſhing them thereby from Air, Quick filyex, and 
melted Metals. But thoſe Diſtinckions are quite unneceſſary in 
2 Philoſophical Senſe; the Sarfaces of all Fluide being level, 

when not prevented by the Bodies about them; and Humidity 


is only a relative Quality; for tho Quickſilver will not . 4 


re. 2 and, it will to Silver or Gold. 


The common Definition, Pluidum eff cujus partes enen 
cuicungue cedunt, & cedendo facillims mowventur inter fe, pugh 
IP reſſes very wy the Nature of a compre/fble Fluid, as Air, 
oes not correſ 775 to that of Water, whoſe Parts have 

| E to Yield to no * with Which they have been 
compreſſed, 


Thoſe, which are capable of 
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| they are exceedingly minute, ſmooth, and 
OP round *; it being otherwiſe impoffible they 
| compreſſed, unleſs it was greater on one Side than on the other. 

The Definition therefore ſeems imperfeR, as not expreſſing that 


| Inequality of Preſſure, which is requiſite to move the Parts of 
ſome Fluids one among another. | 2 | 


. ms So, ö 
+ ö + * 


| "RES "'® It is commonly obſerved that the Roundneſs of the Parti- 


© cles conduces very much to Fluidity, not only as it diſpoſes them 
td move one among another with greater Facility, but becau 

round Bodies touching one another in few Points only, the 
Force with which they mutually attract each other, is the weaker. 
But, upon this Suppoſition, the Particles of a Fluid ought to 
move with leſs Freedom one among another, by how much the 
greater the Weight is with which they are compreſſed, (for it 

is the ſame Thing in this Reſpect, Whether they preſs againſt 
each other by Virtue of their own Attraction, dy ſome ex- 


ternal Force) but of this we have no Experience. A Diver, 
upon plunging out of His Bell at the Botrom' of the Sea, never _. 
finds the Water leſs fluid, notwithſtanding the great Prefſure 
from above. Mr. Boyle having cauſed a Tadpole to be put into 
a Veſſel of Water, and to be preſſed with a very great Force, tells 
us, that in Appearance it found no Inconvenience from thence, 
but ſwam about with the ſame Freedom and Briſeneſs as ever. 
Quere, Whether the Particles of which Fluids conſiſt, are in 
Contact with each other, or not? Perhaps, are prevente 


; the 
| | | from approaching nearer than to a certain Dillance, by a re- 


lling Power, diffuſed around each fingle Particle. The Ob- 
ervation, that Water is not render'd leſs fluid by Preſſure, ſeems 
to favour this Opinion ; and the Property, which the Air has of 
expanding or 1 itſelf, according to the Weight which 
it ſuſtains, (as ſhall be ſhewn, Chap. 3.) proves beyond Contra 
dition, that its Particles are endued with ſuch a Power. But 


| / then if the Particles of all Fluids have this Power, it will follow 


chat they ought to be in ſome Meaſure capable of being reduced 


” 
ma . 


into leſs Space by Preſſure, as Air is; which they have not as 


N BE. F been ſhewn, to be. Further, ſince it has been proved (Part 
| 1. Chap. 19 that if the Parts of Fluids are placed juſt beyond 
HS their natural Diſtances from each other, they will approach and 
> P 


run together, and if placed farther aſunder till, will repel each 
other; it follows, upon the foregoing Suppoſition, that each 
* ; G 3 Particle 


— 


„ 


1 5 


ſhould move with ſuch Freedom one among 


another, upon the leaſt Inequality of Preſſure, 


III. Thoſe Particles, confidered ſeparately, 


are endued with all the common Prope 
e 1 5 20 % | E . 8 n n 0 


a 


— 
— 


by which the Particles are diſpoſed to run together into Drops; 


| / the outermoſt of all, a Sphere of Tn. whereby they repel 


each other, when removed out of that Attraction. 


might, agreeably to the above - mentioned Conſequence of it, 


| . that the Particles of all Bodies attract and repel each 
1 


they are affected by Heat or C 
. firſt Sphere of A N is diminiſhed or deſtroyed by Cold, the 


er alternately at different Diſtances, perhaps we. 0 be 
able to ſolve a great many Phænomena relating to ſmall Bodies, 
. which now lie be | | 
upon the e ien of the three Spheres of Attraction and Re- 


yond the Reach of our Philoſophy. However, 


1 95 juſt mentioned, nothing is more eaſy, than to ſee how 


-Solids may be converted into Fluids, and Fluids into Solids (as 
is done in Liquefaction and Freezing ;) for allowing, that the 


firſt or innermoſt Sphere of Repulſion is capable, like that of 


the Particles of Air, of being augmented by Heat, and dimi- 
Fe niſhed or totally ſuſpended by Cold, it follows, that Bodies muſt 


be more or leſs fluid, in . the Degree in which 
old: for when the Action of the 


Particles of the Fluid muſt neceſſarily be brought into cloſer 


br Contact with each other by the Force of the circumambient 
Attractions, and by that Me 


ans conſtitute an harder Body than 


before. But, we muſt not dwell too much upon an Hypotheſis 


: Which wants Proof; I ſhall only add, that altho? ſome Fluids, 


_ - as Water, have not been as yet contracted in their Dimenſions,” 
dr made to take up leſs Space than they naturally do, by any 
Force with which they have been compreſſed by Art; yet there 
are none but are naturally contracted by Cold; from whence it 
_ ſeems reaſonable to infer, that their Particles are at leaſt capable 
_ of being brought into cloſer Contact, which is ſome Confir- 
"ON ET IODEN.I o,, 0114,” pe, 


+» 
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rties 


Ee Contact; the next, a Sphere of Attraction dif-. 
fuſed around this of Repulſion and beginning where this ends, 


EN 
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Now, if this Hypotheſes ſhould be found to be true; and we 


* 


9 


2 
* 


|  Particle'of a Fluid muſt be ſurrounded with three Spheres If. 
Attraction and Repulſion one within another: the innermoſt of 
Which is a Sphere of Repulſion, which keeps them from ap- 
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of. Matter, and ſubfſect to the ſame Laws of 


Motion and Gravitation with larger Bodies. TD 
enquire therefore into the Nature of Fluids, is 
to conſider, what Appearances a Collection of 
very ſmall round Bodies, ſubject to thoſe Laws, 

will exhibit under different Circumſtances. In 
order to which, it is uſual with Hydroſtatical 
Writers to conſider a Fluid, as divided into ſe- 
veral perpendicular Columns contiguous to each 


other. Sometimes it is convenient to conceive 


it divided into thin Plates or Strata lying upon 
one another. In: ſome Caſes, the ſame Fluid 
is conſidered, as diſtinguiſhed both theſe Ways, 
vV12. into perpendicular Columns, and alſo into 


thin Strata or Plates. Figure 1. repreſents a 


Veſſel filled with a Fluid to the Height EF, 


and divided into the Columns GH, IK, LM. 
Sc. and alſo into the Strata RS, TV. XY, Sc. 


IV. From this Obſervation, concerning the ; 
Properties of the Particles confidered ſeparately, _ 


there reſults immediately the following Propo- 
ſition, viz. that in a Veſſel, whoſe Form is 
ſuch as repreſented by ABCD, (Fig. 1.) the 
Quantity of Preſſure, which each Stratum ſuſ- 


tains from the Weight of the incumbent 


Fluid, is in Proportion to the Number of thoſe 


It is an obvious Objection to this, that Water by freezing is 
4 but this may be owing to thoſe Bub- 
bles or Vacuities, obſervable in the Water after it is frozen, 


which were not in it before: and not to any general and uni- 


form Removal of the Particles of the Fluid each other, 
which the Objection, if it is of any Force againſt what bas 
ced, wult ſuppoſe. _ = 


G. 4 Strata, 


3 


— * 
* 
* "OE 
** 4 
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Strate, which reſt upon it, that is, as the Height 
of the Surface of the Fluid above it; for if 
we ſuppoſe the Strata of equal Thickneſs, the 
Quantity ſuſtained is proportional to the Wan- 
ber of Strata of which it conſiſts. 
V. When the Surface of a Fluid is hotties: 
tial or level, each Particle thereof is diſpoſed to 
Continue in its Place, being ſuſtained therein 

by the contiguous ones. 3 
Let the Fluid be ſeppoſed to be divided : 

into Strata, each of the Thickneſs of a Par- 
ticle of the Fluid; and if the Truth of this 


Propoſition be denied, let the Particle n be 


one of | thoſe. which is not ſuſtained in its 
Place by the contiguous ones, but is moving 
from thence towards ſome other Part of the 
Veſſel, v. g. towards D. Now, ſince all the 
bother Particles ef that Stratum are at an equal 

Depth below the Surface of the Fluid with 
this, they alſo ſuſtain an equal Degree of Preſ- 
ſure (by the laſt Propoſition, ) conſequently for 


the ſame Reaſon that one of them is moving 


towards D, the reſt may all be ſaid to be 
moving in the fame Direction: but this can- 
not be true of the whole Stratum while the 
Veſſel is entire, and therefore of none of its 
Parts. Now; the like Reaſoning will hold 

againſt the Motion of the Particle n towards 
any other Part of the Veſſel; from whence it 
"AX follows, that each Particle "ol the Fluid is 
FI in its Place VE the PO ones, 


8 and 
+ a . s * ** 
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3 
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and therefore diſpoſed to continue at Reſt c. 
- VI, From hence is derived a fundamental 


Propoſition in gs non vis, That when 
the Surface of a 


laid is level, whatever Preſ- 
fure any fingle Particles or ſmall Portion of it 
ſuſtains from the contiguous ones on one 


Part, it ſuſtains the ſame on all the reſt; that 
- 1s, it is preſſed by them with an equal Degree | 


of Force on all Sides F. 


- 


For, by the Definition of the Fluid (J. 2.) 
each Particle is diſpoſed to give Way, and move 


out of its Place, when the Preſſure is not equal 


on all Sides; and (F. 5.) each Particle is preſſed 

by the contiguous ones in ſuch a Manner, that - 
it is ſuſtained in its Place thereby; it is there» 
fore preſſed with an equal Degree of Force on 


all Sides. 1 | 
Coral. From hence it follows; that each 
Particle, or ſmall Portion of a\ Fluid, preſſes 


with the fame Degree of Force in all Direc» 


tions on thoſe which are contiguous to it. 


For, by the third Law of Nature, every Par- 


. * This ſhews us the Abſurdity of ſome Philoſophers, who 
make the Nature of a Fluid, as contradiftinguiſhed from that 


of a Solid, toconſiſt ſolely in the inteſtine Motion of ies Particles. 


'+ This Propoſition, with its Corollary, is not ſtrictly ſpeaking 


true, unleſs the Particle or Portion of Fluid we ſpeak of is ſup- 


ſed void of Gravity, for it preſſes downwards with a Force 
nal to the Weight of thoſe Particles which reſt upon it, ad- 
ded to its own'; whereas. the Force with which it preſſes u 
wards is only 7 to the Weight it ſuſtains, vir. that of th 
Fluid, But the Particles of Fluids are ſo exceedingly 
minute, and the Gravity of each ſo very that the Error. 
ariſing from hence is inſenſible. ER SPE 


ticle 


: 


in a Point: 
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5 ticle * upon the contiguous ones with the 


_ fame Degree of Force, with which it is prefied 
| upon by them. 


VII. The Surfate © 1 a Fluid becomes 9 


| by its own 3 when no external F orce 
1 it being l 


For, the Particles of. F wüde preſs i in all Di- 


ttections with Forces proportional to the 


Height of their Surfaces (Cor. F. 6. and, 5. 4.) 
If then the Surface be not level, the different 
Parts of the ſame inferior Stratum will be preſ- 


ſed not only downwards, but ſideways againſt 


each other with unequal Forces; the greater 
Preſſure therefore overcoming the weaker, the 
Particles which ſuſtain the leaft Preſſure will 
be driven out of their Places, and raiſed up till 
the Surface becomes level ; the Surface being 

level, each Particle will be equally preſſed in 
every Direction, (F. 8.) all e will re- 


main at Reſt, and the Surface continue in that 
| Way „ „ 


vin. 


* This . and alſo both the foregoing.” gs 
founded upon a Suppoſition, that Bodies tend downwards b 


. - their Gravity in Lines parallel to each other, which, AE 


$by/ically true, is not ſtrictly ſo, their Tendenc being towards 
the Center of the Earth, and conſequently in Lines which meet 
and therefore, if we would be accurate, the Fluid 
contained in a Veſſel ſhould. be confidered as divided into Co- 
- Jumns and Strata, as repreſented Figure the ſecond, where ABD 
is the Earth, Cits Center, E FG 1 a Fluid contained in a Veſ- 
ſel, and divided into Columns, *which if continued down to 
the Center of the Earth, would there terminate in a Point C; 
and into the concentric Strata, ab, cd, &c. havin 


the Center 
. * the Earth for the WEIS of their Convexity. 7 then we 


5 


W ge * 
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VIII. Fluids gravitate in Fluids of the fame 


4 


This Propoſition is a neceſſary Conſequence. 

of what has been obſerved about the Nature 
of the Particles of which Fluids conſiſt, uiz. 
that they are ſolid, and endued with the ſame. 
Properties with other Bodies. The Reaſon . 
why their Gravity is not ſenſible in the Fluid, 
is becauſe the lower Parts ſuſtain the upper, 
and hinder them from deſcending. . But, it 
does not follow from'thence, that the Gravity 
of the uppermoſt is entirely taken away, as 
_ fome ® Philoſophers have imagined ; 5 as 


Hould find that the Particles of the Fluid will not be in Aqui»: 
librio with each other, till all the Parts of its Surface are at 
equal Diſtances from the Center of the Earth, forming thereby 
the Surface EF, *concentric to that of the Earth. For, ſup- 
ſing the Fluid EF G H continued down to C, ſo as to fill the 
pace E CF; it is evident the Columns, into which the Fluid 
is divided, cannot be of equal Lengths, hen arora cannot 
be of an exact Counterpoiſe to each x vr, unleſs the Surface EF 
iz a Portion of a Sphere, whoſe Center is C: but the Action of 
the Parts of Fluids upon each other at the Surface, is the ſame, 
whether the lower Part GCH be a Fluid, or not. Conſequently 
the Surfaces of Fluids are not level or plain, but e 
the Center of the Earth for the Center of their Convexity. 
This Convexity, by reaſon of the great Diſtance of the 
Earth's Center, approaches ſo near to a Plane, that in ſmall 
| Portions of it, the Difference is not ſenſible, and therefore may 
be neglected: but at Sea, tis evident to Senſe; for when they 
Mariners put to Sea, the Shore firſt diſappears, then the lower 
Buildings, afterwards the Towers, Mountains, &c. in like 
Manner, when they approach a diſtant Ship, the Top of its 
Maſt and Sails appear firſt, while the Ship itſelf is intercepted 
"from their View, by the Convexity of the Water between them, 
This was the Notion of the Carteffans, who held, that 
when'a Fluid is mixed with another of the ſame Kind, it loſes 
its qi Weight thereby. fy "FIT 5 


ſtanding the Preffure 
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much as the lower Parts preſs ug ainft the upper 
- in ſuſtaining them; juſt ſo re do the upper 


by their Re- action preſs upon the lower. Thus, 
the Weight of the whole Fluid is communi- 
catſed to the Veſſel, which therefore weighs 


according to the 1 it contains, notwith- 
each Portion of the, 

2 loid, taken ſeparately, feems not to affect it. 

IX. The Preſſure of a Fluid is in Proportiv | 


do its perpendicular Height, and the Quantity - 


of Surface againſt which it preſſes. 


This Propoſition admits of four Caſes. 
1. When the Fluid is contained in a Veſſel 
of the fame Dimenſions, from Top to Bottom, 
and held in an erect Poſition, as that repreſented 
Fig. 1. it is evident, the Preſſute of the Fluid 
upon the Bottom will be in Proportion to its 


5 Magnitude, and the perpendicular Height of 


the Surface of the Fluid above it. For, con- 
ceiving it divided into Columns, the Preſſure 
upon the Bottom, by the fourth Propoſition, 
will be as the Length or Height of the Co- 
lumns: and it will alſo be as the Number of 


- them, becauſe the Quantity of Fluid, which 


preſſes upon the Bottom, is in that: Proportion, 
that is, as the Magnitude of the Bottom preſſed 
upon. But when the Veſſel is inclined or ir- 


| | _- regular, the Truth of this Propofition is fo far 


from being evident, that it has been commonly. 
looked upon as a Paradox. 


2. Let the Veſſel ABCD (Pi. 30) be filled 
with a F * to the een E F. and held in an 
th TED inclined. 


0 
* 


Nh 
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iaclined Paſition, as there repreſenited; I ſay, the 
Preſſure of the Fluid is proportional to the 
Magnitude of the Baſe CD, and F G or HD 
the perpendicular Height of the Surface of th 
Pluid above it. | 08 
_ .. _ © - Forſuppoking the Fluiddividedintorhe Strata 
EI. KM, LO, &c. ſo far as the firſt Stratum 
El is prevented from preſſing upon KI the 8ur- 
faceof the next inferior Stratum, by being in ſome 
Meaſure ſupported by the Side of the Veſſel FI, 
Jo far is ĩts Preſſure augmented by the Re- action 
of the oppoſite Side E K upon it, which is exact 
equal to the Action of the es becauſe the 
Fluid preſſingevery Way alike, at the ſame Depts 6 
below the Surface, exerts an equal Force againſt 
both theſe Sides. The ſurface therefore of the ſe- 05 
cond Stratum is preſſed with the ſame Degree of 
Force with which it would be, if the Quantity of 
Fluid contained inthe former Stratum was includ- 
ed within the Space HK QI. which is exacti7 
equal to it, as having the ſame Baſe K I, and the 
_ - fame perpendicular Height Q1*. No e this 
being true of each 3 their Preſſure upon 
CD the Baſe of the Veſſel is the ſame, as if they 
were all placed perpendicularlyover it, and filled 
the Space RH CD; which they would do, ſince 
the Sum of the perpendicular Heights QI, KS, 
LT and NV, are equal to HD the perpendicular 
| Height of this Space, and each of their Baſes, _ 
KI, LM. Ec. is equal to C D its Baſe. But, 
* the foregoing Caſe, if the Space RHCD 
31 Cl. 1. | +.31 A0 8 


Y 
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was 


| 
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Vas filled with a Fluid, the Preflureof it would be 
proportional to the Dimenſions of the Baſe C O, 
and the perpendicular Height D H, therefore 
| it is the fame in the inclined Tube ABC DJ]. 
____ +3» Let the Veſſel ABC be irregular, as repre- # 
+  - _ ſented Pigure the fourth, and filled with Fluid 
do che Height D, I fay, the Preſſure of the {| 
Pluid upon the Baſe C, is proportional to the / 
Miagnitude of the Baſe, and C D the perpendi= 0 _ 
| cular Height of the Surface of the Fluid above. 
„  [ Otherwiſe thus: Through any Part of the Tube c? 
555 draw the horizontal Line XZ, and let à and & repreſent two 1 
Particles of the Fluid in the horizontal Plane þ a; then, ſince 
all the Particles in this Plane are preſſed ory Way alike by | 
3 the incumbent Fluid (for if they were not, they would not 4 
_ continue at Reſt) it follows, that the Force with. which 6 1 
is made to preſs towards X, is equal to that with which 
SIN a is made to preſs towards Z. Let the former of theſe Forces 
WET. de denoted = 6 f, and the latter by @ g; whence we have. 
bf equal to a g. Reſolve the former of theſe into f d and ' | 
4 63 the latter into g c and ca; (wit. fd and ge perpen- 
dicular to the Sides of the Tube, and the other-d b and ca -— 
parallel to them) then the Lines 5 F and ag being equal to 
each other, and the Triangles bf 4 and agc ſimilar, 46 is 
| equal to c, and df to cg: But db and c act in Direc. . 
tions oppoſite to each other, they therefore deſtroy each other; | 
| the other Forces 4f and cg act alſo in contrary Directions, 
and being equal, they alſo deſtroy each other. Thus the Ab- 5 
a * of the Fluid upon the Tube, as to Preſſure upon the Baſe, 
be 


totally deſtroyed; and conſequently Action and Re-aftion | 
ing always equal, that of the Tube upon the Fluid is ſo too: | 
And. therefore the Fluid ABCD is in the ſame State, as to its 
Prefſure upon the Baſe, as if the Tube was away, and the 
+ Fluid retained its Form. Suppoſe it ſo; then it is obvious, 
the Preſſure of the Fluid will 2 wholly upon the Baſe DO: 


But that Preffure will be entirely as the Quantity of Matter 
tze Fluid contains; which Quantity is as its Baſe CD, and | 
8 ndicular Height D H its Preſſure therefore upon the . 

8 Bal is ſo too: And the Preſſure of the Fluid HRCD js alſo | 
2 the ſame Baſe CD, and the pri Height DH. 
The Preſſure therefore in each Tube 1 


: i EF * 


is the ſame. L, Z. D. 
e 


— 
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ln order that the Proof of this Propoſition 
may be the better underſtood, we muſt pre- 
miſe the following Lemma, v. | 
That when a Fluid paſſes through a Pipe, 
as AB, (Fig. 5.) which in ſome Parts is larger 
than in others, the Moment, or Force with 
which it moves, is every where the ſame. For 
while the Fluid is paſſing through the Tube, 
its Velocity in every Part will be reciprocally 
as the Quantity of Matter; for Inſtance, it will 
be as much greater at C, than it is at D, as 
the Quantity paſſing through C at any Inſtant 
of Time, is leſs than at D, and ſo of the reſt; 
"becauſe a leſs Quantity would be conveyed 
through the ſmaller Parts of the Tube in the 
fame Time, unleſs it ſhould move faſter there 
in Proportion to the Smallneſs of them. Now 
the Momentum of Bodies is partly owing to 
the Quantity of Matter, and partly to the Ve- 
locity; (as explained Part I. Chap. 11. f. 1.) 
"conſequently what the Fluid, which is actually 
pating through the narrower Parts of the 
Tube, wants in Quantity, is compenſated by | 
its Velocity in thoſe Parts, and what it wants 
in Point of Velocity in the other Parts, is made 
up by the Quantity paſſing through. them; ſo 
that the Moment is the ſame in every Part of 
the Tube, whether larger or narrower v. The 
fame is true, whatever be the, Poſition which 
the Tube is held in. | . 
»»Thus, we may obſerve in a River or Canal, that by how 
much the Breadth or Depth is leſs in any Part, ſo much the 


1 


Let 


Part, than it is at the Bottom, (for then the 


ws? 
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Let us go conceive the Fluid in . 
- Veſſel ABC (Fig. 4.) to be diſtinguiſhed. in- 55 
to the Strata EF, GH, IK, Cc. Let us alſo 
imagine the Bottom of the Veſſel C to be 
moveable, that is, capable of ſliding up and | 
down the narrow Part of the Veſlel, u. 9g. 
from C to GH, (without letting any of the 
Fluid run out.) Let it further be ſuppoſed © 
that this moyeable Bottom is drawn up or let 
down with a given Velocity, while the Veſ- 
ſel itſelf is fixed and immoveable; it is evi- 
dent the lowermoſt Stratum, which is conti 
guous to the Bottom, will be raiſed or let 
down with the ſame Velocity, and will there- 
by have a Moment proportional to that Ve- 
_ locity, and the Quantity of Matter it con- 
taips: But by the Lemma, all the reſt of the 
Strata will Barr the ſame Moment, conſe- 
. quently the Moment of all taken together, 
that is, of the whole Fluid,) is the ſame, as 
if the Veſſel had been no larger in any one 


* 
.. — — — — 


Moment of each Stratum would alſo have 
been as great as that of the lowermoſt;) the- i 
Pereſſure therefore, or Action of the Fluid, 


_ With which it endeavours to force the Bor 


tom out of its Place, is as the Number f 
Strata, that is, the perpendicular Height of the 
more rapid is the Stream in that Part; and on the contrary, 
Where it is wider and deeper, the Motion of the Water is more 
gentle and languid. So that "the Moment, withwhich it flows, 
is the ſame in every Part. 
5 Fluid, 
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Fluid, and the Magnitude of the lowermoſ 
Stratum, that i is, the Bottom. 


Again, ſup 
fill d with a Fluid to D; I ſay the Preſſute up- 


on the Bottom BC, is proportional to 
Dimenſions of the Bottom, and to DE the 
| e r Height of the Fluid. 


For, if we ſuppoſe the Bottom ernie 


a before, and raiſed up or let down with a 
given Velocity, the Moment of every Stratum 


will be the ſame with that of the lowermoſt, 
by the Lemma; therefore the Moment of all 


taken together, is the ſame, as if the Veſſel 
had been no leſs in any one Part, than it is at 
the Bottom; conſequently'the Preſſure is pro- 


portional to the perpendicular Height, and 


the Magnitude of the Bottom. This Caſe is 1 
he Converſe of the former ® rn 


8 4 = 


2 — this is founded the pn dice of .conveying Water 
through Pipes from Place to Place, Oc. For from hence it fol- 
lows, ar" if one End of a Pipe is laid in' a Reſervoirof Wa- 
ter, the Fluid will run into the Pipe, till it riſes to a Level at 
the other End with its Surface in the Reſervoir Thus let 
ABC (Fig. 8.) repreſenta Reſervoir, or Baſon of Water, DOE 


2 Pipe laid from thence to E. If E, the End of the Pipe, is pla- 
| ced above the Line ABF, the Level of the Water in th ö Refer- 


voir, the Water will run into the Pipe, till it riſes in the 
otherEnd toF, the Level with AB; at which Time the Water 


In the Pipe will be in Aquilibrio with that in the Reſervoir, _ 
and remain at Reſt. ' But if the End of the Pipe is below'the 


Surface of the Water in the Reſervoir, it will continue to run 
out, till they are reduced to a Level. For, let GH be the low- 


eſt Part of tae Pipe, then fince F 5 the perpendicular — of 2 
the Fluid on one Side, is equal to B, the t vight 
Es the _ f 


of the Fluid on the other, r, nd GH, 
Ver. 1. 


- 
4 5 
we. l 
* F " * 
r 


role the: Veſſel. A B C (Fig. 6:) 4 


* 23 Jo 
1 +04 ” « FF. 
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made of ſuch a Form, as is repreſented (Fig. 7.) 
by ABC PEFC, and filled: with a Tin to 
tte Height C, the Weight which thee Bottom 

fuſtains, is as great as it would be, hall thi Veſ- 
ſiel been IKO (which is every where of the 
ſame Dimenſions that the other is of at the - 
Bottom) and filed to the Top IK. Beckuſe 
the Preſſure by the Propoftion, is proportional | 


+ |, oth Borrom ind 9 _ 
bd boch de, walt lune %c" 1 1 . 


Mo, + #1 SY 9 
N gh u et 3 | 8 vs 6 155 4 
E where the Eine, rec ene againſt another Lenne 
17 wy a*Baſe to both, is common ; - It lose om nap 2 
8 the Prefſures on each Side are exactly equal; and 

Fries contr&y Directions Will ed deſtroy each other, 
and the Fluid will remain L 71975 1 Bus whe the End 
B is below the Level, this 0 com ed; 
And therefore the Fluid will continue to mw an 8 . 

3 For the ſame Reafon, when two or more Tubes communicate- 
with each other, the Surface of the Fluid they contain will ftand 
t the lame Level in all. 

* The Reaſon why the Veſlel ABCDEFG, with the Fluid 
cottaired in it, does not weigh ſo much, as the Veſſel IKFG, 
- when fill to the fame Height, notwithſtanding the Preſſure 
upon the Bottom is the ſame in both, is, becauſe ABDE. the up 
per Part, or Cover of the former Veſſel, is preſſed upwards: y 


me Fluid below it, with. a Force equal to the Endeavour the 


Fluid in the ſmall Tube BCD has to deſcend. Which Endea- 
_ - vour/is the ſame that it would be, if the Tube BCD compre- 
TY Ro alſo the two Spaces 10 BA and CKED, its Moment 
| ng the ſame in both Caſes by the Demonſtration ; the Cover 


_ '» "therefore is = 5 ge upwards with a Force equal to the Weight 


M much Fluid as would fill the two Spaces I CBA and 


ED, conſequently the Veſſel, yhoſe Form is ABCDEFC 
is ſo — my the ets e as the Flui 
x +, OT en. 4 3. 
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From hence it follows; chat, if à Veflel is 
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roo Let there be a large cylindrical Tube 
ABCD (Fg. g.) in the, upper Part of whic 


* 
© 


X. The Velocity wich which a Fluid 


1 


out at an Hole in che Bottom of 2 Veſſel, is 
equal z0 that which à Body would acquire by 


inling, Texely.topgs. the, Leve-of the Farce 3 


* 


let us imagine a Cylinder of Ice FG HI ex- 


; actly fitting it; let it further be ſuppoſed, that 
HI, the lower Surface of the Tee, is continually 
melting, ſo as to afford a Stream of Water 


running down the Middle of the Tube. Now 


. - the Form of this Stream of Water will ne- 
. ceflarily be fuch as is repreſented in the. Fi- 
gure by HL 1; for the Water falling freely, 
. will deſcend faſter and faſter like other Bodies, 

- cauſing thereby the Stream to become nar⸗ 


rower and narrower. Now let it be ſuppoſed 


that the Tube has a Bottom, as CD, with 

Ain to let the 
Stream paſs, freely; it is evident there will be 
no Obſtruction on this Account, but that the 


an Hole in it at K, juſt. f 


From hence ariſes this Paradox, that the leaſt Quantity of 


Fluid may be made to raiſe any Weight, how great ſoever it be. 


For ſince the Cover ABD E is preſſed upwards with a Force 


equal to the Weight of as much Fluid as would fill” the two - 
Spaces ICBA and CKED, and thoſe” Spaces may be enlarged 


ar Pleaſure in Height, by lengthening the, Tube BCD (which 
at the ſame Time muſt be made proportionally ſmaller,  other-- 
wiſe the ſame Quantity of Fluid will not fill - it;) ir follows, 


dat the ſame Quantity of Fluid may be made to preſs the Co- 


ver upwards with a given Force; if that Cover then is made 
— wy any Weight that is laid upon it may be ſupported 
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Fluid will paſs through the Hole with ſuch Ve- 
Jocity, as it naturally acquires by falling from 
HI, the lower Surface of the Ice. And if we 
ſuppoſe M and N, the empty Parts of the 
Tube, to be filled with Water, the Water will 
© preſs equally upon the Sides of the Stream in 
every Direction (5. 6. ) and therefore will be no 
Impediment to its Motion on that Account, 
Laaſtly, let us ſuppoſe the Ice taken away, and 
tte Stream ſupplied from the Water at the Sides, 
as is the Caſe when a Fluid runs out through 
the Bottom of a Veſſel; then will the Velocity, 
with which the Water flows through the Hole, 
. continue the ſame; for ſo far as the Water com- 
ing from the Sides, endeavours to deſcend itſelf, 
ſo far it obſtructs the Deſcent of the Stream, 
and no farther; and conſequently cauſes no Al- 


tteration in the Velocity, or Quantity of Fluid 


running out. The Velocity, therefore, with 


which the Fluid paſſes through the Hole, is 


In to that, which a Body would acquire by 
falling freely from the Level of the Surface of 


: tze Fluid to that Place. 


If the Hole is made in the Side of the Veſſel | 


at the ſame Diſtance below the Surface, me 


Velocity will be the ſame, on Account of that 
| equal Tendency F luids have to move every 
- "I alike *. | 

EI | Xl. The | 


2 * this Princi le is FP et PE the Praftice/ of m 

| -artificial Fountains. For if to a Veſſel or Reſervoir AB 82 
2 (Fig. 10.) filled with a Fluid to. the Height E F, be Les tak | 
TT, ipe 


, 


- we; = 
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XI. The Velocity with which. a Fluid ſpouts 
out from the Bottom or Side of a Veſſel, is as 
the Square Root of the Height of its Surface 
A 25 
The Cauſe why a Fluid ſpouts out through 
an Hole made in the Bottom or Side of a Veſ- 
ſel, is the Preſſure or Weight of the Fluid in- 2 
'cumbent upon the Hole; from whence it 2 
ſhould ſeem, that the Velocity ought to be 
. - as the Preſſure ; but if fo, then the Quantity 


Pipe CH, with à ſmall Aperture at K, the Fluid will ſpout up 
from thence to FL, the Level of the Surface of the Fluid iy 
tze Veſſel, | For, by this Propofition, it will ſpout from Kwith - 
ſuch a Velocity, as a Body would acquire by falling from FL, 
the Level of the Surface, to the Aperture at K ; that is, ſuch 
wap as will carry it from the Aperture to the Level; becauſe that 
| Velocity which a Body acquires. by falling from a certain 
Height, is ſufficient to carry it back to the fame Height from 
'whence it fell. * 1 : 5% 
But in Practice, the Height which the Fluidriſes to, islefs than 
that of the Level of its Surface in the Reſervoir : This is owing 
to the Reſiſtance it meets with from the yi its Friction agai 
the Sides of the Pipe, &c. It is found impoſſible ro make it 
much exceed the Height of an hundred Feet: For, when it 
ſpouts out of the Aperture with a Velocity neceſſary to carry i 
higher, the Stream is immediately daſhed to Pieces by the Re- 
ſiſtance of the Air; whereby it loſes its Force, and is pre- 
vented from riſing to any conſiderable Height. 15 
This Propoſition may be otherwiſe demonſtrated from the 
laſt, in the Hilo wing anner: For, ſince the Velocity with 
which a Fluid ſpoyts out through an Hole in the Bottom or 
. ide of a Veſſel, is equal to that which a Body would acquire 
by falling from the Level of the Surface of the Fluid to the 
Role, — the Velocities which Bodies acquire oy alling, are ag 
ze Square Roots of the Heights which they fall from (Part I. 
hap. 5. F. F.) it follows, that the Velocity with which a 
Fluid ſpouts out from an Hole in the 4 or Side of a 
Veſſel, is as the Square Root of the Height of the Level of 
the Surface of the Fluid above the Hole. 
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enly as the ſquar 


Tis not then the Quantit 
- put, nor the Velocity with hic 
| Moment, or . Pele mal 
(Part I. Ch. 11. C. 1.) that is 
uate Effect of the Preſſure. Now theſe be- | 
ing ever in the ſame Ratio with each other, tis - 
Dn ceflary, in order that the Effect 
ortional to its Cauſe, that each 
ſquare Root of the Preſſure: For 
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plied together, 7 


true and ade- 


Oar 6 A, on of Bln - Pai 1 : 
dun gat ante alia bes the Preſtuce, (for, the 

er the Liquor flows, the greater is the Quan- | 
tity thrown out in a gen, Time, and dice 
wersd) conſequently, upon this Su 
mould have two Effects, each er oo 
& Cauſe, and equal to it, which is ab- 


tion we 


of Fluid ard 
it flows, but 


Loo be pro- 


them be 


| then, being multi lied together, their Product, 


of 


the Moment © 


4. 


the 1 pouting Fluid, is 8 | 
< uately as the Preſſure which occaſions it; but 
he Preſſure is as the perpendicular Height 
therefore the Velocity, and alſo thy 


q des) o Fluid ſpouting out, is only as the 


T5 N the 22535 of i its een above 


e Hole. 
+To 


give an; Inſtance or wot: Sos 
Holes made'in the Side of a Veſſel, the one an 
h below the Surface of the Fluid it contains, 
e other faur Inches; the Velocity with which 


- th Liquor flows out of the lower Hole, will 
nt be four! Times as great as that with which 
it} flows through the upper, notwithſtanding - 


* the Prefſure is four Times greater: For, if it 


3 Tvuld, i — run out in a given Time 
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would alſo be four Times greater, WWE 

the Effect produced would be fixteen 'Times' | 
greater than it is at the upper Hole, that is, four- 

Times greater than — Cale; which is ab- 

ſurd. "Whereas the Velocity and Quantity gf 

Matter will each be only twicr as great as they 

are above, producing by x Force, or Mo- 3 
ment, only four Times as great, which is pro- \ . 48 
portional to the Cauſe, 80, if an Hole were 
made ſixteen Times lower than the firſt, the 
Velocity and Quantity of Matter will not be 

each ſixteen Times greater than at the other, 

but only four Fimes greater a- piece, and ſo the 

Moment. e Times greater, as the Preſſure 


prin ah 28; 30 eee, 14 13.4 * 

2 FR 2260 Ha , XII. When - 
FR ay may oe the Error ſome of the foreign 
— ede | 


[pays falles\ in wh Togord te the uae 3 
BE re ua 
of 2 e wh Ae ied y * Wader . | 
For, od this Propoſition it is, that one of the principal Te 
ht in Favour of this Opinion is derived. They , 
argue lad. are ever 13 to their Cases,, 
the Preſſure o the incumbent Fluid is the Cay/e of its ſpdut - 
ing out, the Force with which it ſpouts out, is the 94 
but by this Propoſition the Preſſure is as the Square che | 
| Velocity it flows with, therefore che Force is likewiſe as the 
5 Sguaro of the Felociry. True, it is fo, but let us Tee the Bog 
- ſequence. The Force, with which che Fluid ſpouts out, is 
| not only owing to the Velocity, but alſo to the Quantity run out 
in the Fare, con —_— They have each their Share in 22 
„ | yently the Force is in a Ratio eb 
| of both, + or * the Product of one multiplied "the 55 
| | bK * which comes to the Tame Thing *(fince "as was 


Cbſeryed befare, they are in the ſame Ratio with each other) 
as the Square of either of them. From hence it is that the 


Forces of Fluids in Motion are ſaid to be as the Squares 
B of their Velocities ; not that. they are ſo in Virtus of thoſe 
f 2 ; 7 SE. H 4 Velocies, 
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XII. When a Current of Water, or other 


5 luid, falls perpendicularly upon the Surface of 
2 Plane, or flows againſt it (as the Wind againſt 


the Sail of a Ship, or the like) the Force which 


the Fluid exerts upon it, is equal to the Weight 0 


of a Column of tlie ſame Fluid, whoſe Baſe is 


equal to the Plane, and its Height ſuch, that a 
75 Body falling freely through it, would acquire a 
Degree of Velocity equal to that with which 8 
che Fluid moves 7. 190 £234) 5927.5 rw” 
In order to demonſtrate. this Propoſition, , 
let us ſuppoſe the Veſſel: ABC D (Ng. 11.) 


filled with a Fluid, and having a large Hole 


E F in the Bottom, then will the Preſſure of 
the F luid cauſe a Stream to flow out, which 


in the Hole itſelf will have ſuch a Degree 


of Velocity, as a Body would acquire by fall - | 
ing freely from the Surface of the Fluid in 
the Vellel to the Hole (as demonſtrated 8 10.) | 


Velocities, as e but i in Vienie of them, and the duantitics 


of Matter taken to 5 or becauſe the Squares of the Velo- 


cities is the ſame Thing with the ſimple Velocities multiplied 
by the Quantities of Matter. Therefore when it is ſaid, the 


Forces of Fluids are as the Squares of the Velocities, chat Fart 4 
of the Force which ariſes from the Quantity of Matter is really 
taken into Conſideration. How ridiculous then muſt it be in 


thoſe Gentlemen, to fetch an Argument from hence to prove; 


hat the Forces of Bodies in Motion are as the Squares of the 
Velocities and Quantities of Matter too, when they are as the 


Squares of the Velocities, only becauſe the Quantities of Mat- 
ter are implied in them. 


* From this Propoſition is Sided the Method of computing 
the Power of a Machine, which is to be moved by Wind or 


Water, e. See an Inſtance of ſuch a Calculation in the Me- 3 
| Dein of. = 11225 OE of ö for —_ Year who 
| n | 


we 
* +4 


: 


FT - 
* 
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2 

* . 


that of the Sur 
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In the Midi: of -this Hole, end conſequentlyiin | 
the Stream, let us ſuppoſe a Plane as Þ Q fuſe.” 
pended, but ſomewhat leſs than is ſufficient to 


* — 
= 


fill the Hole; let it ſtop the Current of the wa- 


ter. Now, tis certain, this Plane ſupports a 

Column of the Fluid, equal to that which preſſes 
upon any other Part of the Bottom of the Veſſel 

of equal Dimenſions with itſelf (for being thus 
placed it may be looked upon as a Patt of the 


ttom) but every Part bears a Column, whoſe 
Baſe is equal to its own Dimenſions, and its 


Height the ſame with that of the Surface f 
the Fluid in the Veſſel: Conſequently this Plane 
ſupports ſuch a Column, that is, it is reſiſted by 

the Stream with a Force equal to the Weight of 
2 Column, whoſe Baſe has the ſame Dimen- 


ſions with itſelf, and whoſe Height is equal to 
face of the Fluid in the Veſſel; 
that is, ſuch an Height as a Body by falling 


freely from, would acquire a Velocity equal to 


that with which the Fluid moves. 3 
XIII. The Preſſure of a Fluid againſt a per- 


ee Bank or Sluice, Cc. is equal to the 


Weight of a Column of the ſame Fluid, Whoſe 
Baſe is ee ſo much of the Bank as is be- 
low the 


urface of the Fluid, and whoſe Height 


is equal to Half the Depth of the Fluid T7. 


1 From hence we ſee the Reaſon, why the Water of the Sea + 
or great Lakes is as eaſily kept within their Banks (ſetting - 
the Force which ariſes from the Motion. of 'the nn 


- 


i 1 


1 
Li 
57 


=_ 11 end eps pres Bink! 
_--:. from the'Surface to the Bottom, was as 
2s it is at the Bottom, the Preſſure againſt it 
would be equal to the Weight of à Column, 
whoſe Baſe is equal to ſo much ef the Bank as 
zs under the Surface of the Fluid, and which 
has the whole Depth of the Fluid for its Height; 
for the Preſſure upon every Part of the Bank 
| at the Bottom is equal to the Weight of a Co- 
luamn, whoſe Baſe correſponds to the Part 
' fed upon, and whole" Pugs ee that 
Depch of the Fluid; co vey if the Pref 
ſiute was the ſame every where from Top to 
Bottom, it would be equal to the Weight of as 
1 many ſuch r fe anſwer to all the 
Parts of the Bank: But the Preſſuse eve 
** where diminiſhes in Proportion as de 4 
mie Top, where it is nothing; it is derte 
but Haff + what it would Sin thoother Cale ; 
from whence the a enenrd is clear. -* 1 N 
5 4 New) 
&c.) «ihe ate e hack 24 Ge 


of Fluids is not in Proportion to their. un but their 
Depths, and the Surfaces they p reſs 
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1 05 eſſion, beginning from Nothing, is Half um 0 
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5 1 3 11 #70 |. Solids immerſed therein. 15 2 


F BY: ecific Gravity of a a Body i is. that 
| which it is ſaid to be heavier, or 
lighter, 952 fats of a different Kind: Thus 
Lead is faid to be ſpecifically heavier than 


Cork; becauſe ſuppoſing an equal Bulk of each, 


the one would be heavier than the other, F rom 
hence it follows, that a Body, ſpecificall 44 
vier than another, is alſo more denſe, that 


contains a greater Quantity of Matter under 19 
| fame Bulk, becauſe Bodies weigh in Proportion 


- 
. 
———— 4 


— 


I. Chap. 35. 7.) 
. if Bella be immerſed in a Fluid of the 


— —— 
„( 


— — 


ſuſpended therein, in whatever Part ol * 
Plaid it is put. 


Let the Body FG HI (Fig. 121) — im- 


or any other whatever; I ſay, it will continue 

in the ſame Part of the Fluid, when left to it- 

| 
G or ſinking towards the Bottom. 

For, the Body being (by the Sen of 


equal Gravity with the Fluid, the Weight of 


the Column KLHI, which conſiſts partly of 


"254" 


| tothe Quantities of Matter cbey contain (Part | 


lame ſpecific Gravity with itſelf, it will remain 


8 E pth MN, 


ſelf, without either riſing towards the Surface, 


Fluid, 


1324 The Action of Fluids Part Il, | 

\ * Fluid, and partly of the Body, is the fame as p 

if it had been all Fluid; conſequently HI, that 

Part of the Surface of the Stratum MN, which 

lies immediately under the Body, is preſſed with 

| the ſame Degree of Force that any other Part 
of the ſame Dimenſions is, and therefore the 

_ "whole Column KLHI will be ſupported in its 

Place. Now, the fame being true of the Co- 

lum KLHI, whatever be its Length, 'tis 

evident the Body will be ſuſpended in its Place 

ut any Depth. 

III. But if the Body is ſpecifically heavier | 
1 Fluid in which it is immerſed, it will 
ſubſide to the Bottom: For then, in whatever 
Part of the Fluid it is put, the Column KLHI 

will always be heavier than an equal Column, 
that conſiſts all of Fluid; conſequently H I, 

that Part of the Stratum MN which lies im- 
mediately under the Body, will ſuffer a greater 
Preſſure than any other Part of the ſame Di- 
menſions; and ee will give way, and | 
permit the Body to ſubſide continually, till it | 
Teaches the Bottom. + 

IV. On the contrary, if the Body i is Peel 
1 lighter than the Fluid, it will riſe to 
the Top, in what Part of the Fluid ſoever it 

is put. For then, the Colamn KLHI will 
always be lighter than an equal Column 

which is all Fluid; conſequently HI will be 

leſs preſſed downwards, than any other Part 
of the —_ A of equal Dinnenfions, — 5 
pe” "7 


= 


 ceed * of the * the OI the Fluids 
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will therefore continually riſe up, 19 5 the 
| e 
A Body, being laid on the Surface of a 


Fluid ſpecifically heavier than itſelf, inks into 
it, till the immerſed Part takes up the Place of 3 
2 Quantity of Fluid, whoſe Weig tis equal o 


that of the whole Body. 


Let EFGH (Fig. 13. ) be. a | Body, floating 5 
on a Liquor {| ifically heavier than itſelf, it 


will fink into it, till he immerſed Part IKGH 


takes up the Place of ſo much Fluid as is equal ; 


to it in Weight. For, in that Caſe, GH, that 
Part of the Surface of the Stratum upon-which 


the Body reſts, is preſſed with the ſame Degree .- 

al Force, as it would be, was the Space IKGH 

| full of the Fluid; that is, all the 1225 of that 
Stratum are reſſed alike, and therefore the 


Body, after having ſunk ſo far into the Fluid, 


is in Equilibro with it, and ill remain at 


Reſt. 


From hence it follows, that a ' Body i is as 


| 3 ſpecifically lighter than the Fluid on 


which it floats, as the immerſed Part is leſm 


chan the Whole. For, by how much the le 
| the immerſed Part is, ſo much the leſs Flui 


is equal in Weight to the whole Body ; that 


is, the Body is ſo much the lighter in Reſpect 


| of the Fluid. And, if the ſame Body be made. 


to float fucceflively i in Fluids, whoſe ſpecific 
Gravities differ among themſelves (but all ex- 


are, 


* 
41 


VI. Af Body, ſpetnded in + Had Yoke aſi. 

eally Meter "than ki, lee u Part of its 
Meight (or rather communicates it to the Flu- 
-- - ok to that of a ut of YOU of” he 
__, _ fame Bulk. 


Let us, inſtead of ſuppoſing the Body tus. 

LY dedin the Fluid, imagine it to be away and 

its Place filled with the Fluid; now 15 evi- 

dent, this being of the ſame ſpecific Gravity 

. 2 the crcumjaenr 7 — will be entirely 
fupported by it; or, if we ſuppoſe the 

be of the Anne ſpeci! fic Gravity with he fei 


fore the Preſſure of the circumathblent Fluid, 
whereby it endeavours to buoy up the Body, 
is equivalent to the Weight of fo much Fluid 
a would fill the Place the Body takes up. But, 
|  fince the Fluid preſſes only on the Surface of 
 _ the Body, that Preſſure is the ſame, whatever 
*Y be the ſpecific Gravity of the Body; the Body 
-___*_ . therefore loſes fo much of its Weight, as'the 
. Fluid would naturally buoy up; that is, ſo 
much as is the ny ot'n bans of Fluid 
1 * fame Bulk. 


4 75 


an Inſtrument of great Uſe in aſcertaining the Genumeneſs of 
- Liquors; for it rarely happens, that the adulterated and he . 


- genuine Liquor Ne may 8 in arance 
'M the fame OS ravity 2 1 cies 7" po 
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are, fo much greater, will be the Part i im- 


- it wil} bewholly fuſpended by it; we ſee thete- | 
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de Solids 
to the Weight of the Solid, is the Relation of 
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This Propoſition affords us a Method of de- 


termining the Relation which the ſpecific Gra- 


vities of Bodies, whether Fluid or Solid, bear 


to each other, For Wheteas by weighing a 


Solid in a Fluid, tance G6 ter than itſelf, 
| t of à Quantity of 

the N to it in Bulk (v. the Weight 
5) the Relation that Weight bears 


their ſpecific Gravities; becauſe the Weights of 


Dioddies, whoſe Burks are equal, ate as their pe- 


cific Oravities: Conſequently, if the ſame Solid 
Is weighed fücceſſivel in different Fluids (all 
ligbter than itfelf) we gain the Relation which 
the ſpecific Gravity of each bears to that of the 
Solid, and therefore to one another“ 3 


F different Sohids are weighed in- the ſame Flu- 


id, the Relation which the ſpeciſic Gravity 


pf that Fluid bears to each $619, is had, and 


therefore alſo the ſpecifi Gravities df the 


Upon this is founded 
. Fed 1 


to be done by ſuſpending it at one End of the Balance by a 
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det he | : 
Lance for determining the ſpecific Gravities both of Side a 
Fluids. The Practice is thus: Firſt, let the Sotid be weighed 
in Air; that is, out of the Fluid; afterwards. m it; (this ougbt 
mori that 4s as nearly of the ſame rſpecific Gravity with th 
Fluid made uſe of a5 poſſible, and letting it fink into the Fluid 


till it is wholly immerſed below the Surface, if the Fluid 

is Water, an Horſe-hair is molt convenient to hang the Body 
at the End of che Balance by) then ſubtraRt its Weight in the 
Fluid from its Weight in Air, the Difference is whatit loſes 1 


wy 


Solids - 
F # 


be I 1 bay. $0 409 i 
the Uſe of the Hydroftatical Ba 


1 


| - Paſſage it affords to Bodies moving in it: 
For this ſhews it to be a Body, whoſe Parts 
eaſily yield to a Preſſure that is greater on one 
Side than on the other, which is the Dee 
of a Fluid. 


fu 1 1 Fi 


ER 1. 1 . PEVIER 


which treats of the Properties of the 

3 — 5 the Effects of its Preſſure and Elaſtt- 

ls is called Pneumatis. * 
1 


II. Air is a thin tranſparent elaſtic Flui 


-frrroumling the Earth to a certain Height, and, 


' taken all together, is called the — 6: 2 
III. That Air is a Fluid, is evident from the 


IV. Air gravitates towards the Earth, or is 


heavy like other Bodies. 


To prove this we have W of Ar- 
guments, both from Senſe and Experiment. 


5 Thus, when the Hand is applied to the Ori- 
f ce of a Veſſel, it readily 1 the Weight 
of the incumbent Atmo 


phere, as ſoon as the 


tze Fluid, This done, fay, by the Rule of proportion, as the 


any 


Ne, > loſt in the Fluid is to its Weight in Air, fo is Unity, or 
umber taken at Pleaſure, to a Fourth, which by its Re- 


- -. Jation to the former, will expreſs the Relation, or ſpecific Gra- 
Ws vity of the Solid to that of the Fluid. Thus, the Relation 

which the ſpecific Gravity of the ſame Fluid bears to that of 
various Solids, or of the ſame Solid to that of various Fluids, 

| . and conſequently the Relation of the 1 wan of all 

among themſelves, may be WI 


"Mir 


, 


- 
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Air included. in the Veſſel begins to be drawn 


out. Thus Glaſs Veſſels exhauſted of their 
Air (if not ſtrong enough to ſuſtain the Preſ- 
ſure of the incumbent Atmoſphere) are cruſh- 
2d to Pieces by the Weight of the Air without. 


When the Air is exhauſted out of a Veſſel, the 
Veſſel weighs leſs than before. With a great 


many more Experiments generally mentioned 


by Authors on this Subject . 


V. The exact We; ght of the et Air . 


is determined-by fling a Tube with Mercury, 


and immerging the open End in a Veſſel of the 


fame. Fluid: For then the Mercury will rug 
down the Tube, till its Surface is fallen to the 


perpendicular Height of about twenty-nine or 


thirty Inches above the Surface of the Mercury 


in the Veſſel, and vo. further: If the ſame Ex- 


Periment ig made with Water, the Surface of 
It will ſtand at about the Height of thirty- two 
Feet above the Surface of that in the Veſſel; 


the Column of Mercury in one Caſe, and the © 


Column of Water in the other, exactly ba- 
lancing the Weight of a Column of Air, which 


reaches to the Top of the Atmoſphere, and 
preſſes upon the Surface of the Fluid in the Veſ- 


2 This is what is called the Torricellian Ex- 


riment, from TokkiczI I the Inventor, and + 


18 dura mane n the common Barometer. 
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"Few Pede it fellows (Chap. 1. C. 9 
chat all Bodies, ut the Sutfact of "the Earth; 


_ ſuſtain at great a Weight from the Preflare 
dk the Air, as is that 6 en of Water, 


Whole Height is thicty-two Feet, and its Baſe 


i 1 to the Surface of che Body prefied 


| 171 Ther this ulpebhen of che Nereury in 
the Barometer de Sa on the Preſſure of the 
external Air, "28 ond all doubt; for if the 

' Barometer is ihchided in the Air- Pump, the 
Mercury falls in the Tube, in tion as 
the Air 18 exhauſted out of the Retever; and 
11 the Air is let in again gradually, the Mer- 
cury 5777 70 Proportionally, till i resches _ 
rormer t. 

3 Thit the Atthoſphere Is Saad * 
a determined Height, appears ffom hence 


. . 


Vi. that when. 5 Torrficellian Tube is re- 
moved to a tnore elevated Place, the ſuſpend- 
ed Colamn of Metcuty detomes porter, 
Which is, becauſe a ſhorter Column of Air 


+ The Pteſſure of the Atmoſphere d S Loch, 
near the Surface of the Earth, is about fifteen 
equal to the Weight'of k Column of Mercury, —— 
is thirty Inches, and its Baſe bg ſquare Inch; For-ſuch a | 
5 lumn of Mercury would wei 125 (fifteen dunds. — 
Xt 9955 it of the bree bee ee 3 the 
ans Body, © al to 10 man mes as 
Surface of his Body contains ſ — n 
The Reaſon why a Perſon, ſuffers no Inconvenience from ſo 
great'a Preſſure, is owing to the Air included within the Pore: 
and Fluids of the Body, which by its Reaction is a Counter- 
; To the Preſſure of Tape 48 9 


81 
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- Chap, III. Of the Air. 132 Fe. 
Kurer upon its: or, that the Tube, in this 
a is nearer the op: of the Atma- 
ſphere. 
VIII. The Elaſticity of the * is that Pra- 
rty by which it contracts itſelf into leſs 
— when an additional Preſſure is laid ba 
t; and recovers its former Dimenſions, whep 
the Preſſure is taken off. This is accounted: its 
diſtinguiſhing Froperens all all the reſt being com- 
mon to it with other Fluids. | 
Of chis we have numerous Proofs, © "Thus, 5 
2 Bladder full of Air being compreſſed os 6 . 
Hand, the included Air gives way; but when 
the Preſſure is taken off, the Air ex Nan l. 
and readily fills up the Cavity, or Im 
made in the * of the Blagd 
2 larger Quantity of Air, than is naturally 
preſſed into a Veſſel by the Weight of the in- 
cumbent W is forced Into it by the 


er. And, if 55 


Condenſer (an Engine for that Purpoſe) and if 


that Air is aſterwards let out by opening the 
Veſſel, che Remainder is Aae, to be of the 
Game Weight as at firſt; from whence it fol- 
los, that the Air, by means of its Elaſticity, or 
Spring, drives out all that which was forced in 
by the Condenſer, recoyers its former. Dinan: 
ſions, and fills the Veſſel as before. | 
IX. From hence, together with 5 has | 
oy hong, obſerved about the > Preflute of the At- 
moſphere, it follows, that the Air near the 
Surface of the Earth, is compreſſed into a 
| mach narrower * the Weight of = 
ir 


"when 


Is -- of the a. Fut i 5 


Air above, en that which it would naturally 
take up, was it free from that Preſſure; ac- 
cordingly it is found by Experiment, that, 
74 Preſſure of the Atmoſphere is taken 

.. off from any Portion of the Air, it immediately 
- expands itſelf into a vaſt Extent. Hence it is, 


that thin Glaſs Bubbles or Bladders filled with 


Air, being included in the Receiver of the Air- 
Pump, are broke in Pieces by the Spring of 


the Air, which they contain within them, when 


the Preſſure of the external Air is taken off. 
Thus, a Bladder quite flaceid, containing only 
2 ſmall Quantity of Air in it, ſwells upon the 
Removal of the external Air, and appears diſ- 
ended, as if it contained as great a Quantity 
as poſſible, * The fame Effect is found in car- 
= a Bladder ſomewhat flaccid to a more 

evated Place: for there the external Preflure 


being leſs, the Air included in the Bladder is in 
ſome Meaſure free from the Preſſure of the At- 


moſphere; it therefore dilates itſelf, and GE 
tends the Bladder as in the former Cafe. - i 

X. It is found by Experiment, chat the 
Quantity of Space into which Air may be 
TContracted by Preſſure, is reciproeally Propor- 
tional to the compreſſing Force. From 


| whence it follows, that the Denſity of the Ait 


is proportional to the Preflure which it ſuſ- 
tains; becauſe the leſs the Space is, into which 
Pl given Quantity of it is contracted, - the den- 
fr it f is. As to the utmoſt Degree of Expan- 
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ſion and Contraction, which the Air is capable 
of, they are as yet unknown. In ſeveral Ex- 
periments made by Mr. Bo LER, Air in its na- 
tural State, that is, preſſed only with the Weight 
of the incumbent Atmoſphere, | dilated itſelf, 
when that Preſſure was taken off, into more 
than thirteen | thouſand Times the Space it 4 
took up before. And he was able ſo far to | 
. compreſs it, that it ſhould take up more than 
five. hundred and twenty thouſand Times leſs. - 
Space than that, into which it would dilate - 
itſelf, when free from it 5 
XI. From this Property it follows, that 
the Air in the inferior Parts of the Atma- 
ſphere is more denſe than that which is at 99 
great Heights in the ſame; or, that the Den- 

fity. of the Air decreaſes continually, as we 

approach the Top of the Atmoſphere, .: For the 

Denſity of the Air is proportional to the Force. 

+ See Buyl”s Tracts and Experiments on the Spring anmce 
Preſſure of the Air, ht COLL IMG ek £ 
Various have been the N 1 of Philoſophers concerning 
the Cauſe of this prodigious Spring in the Particles of Air; ſome. 
holding it to depend on their Figure, which they ſuppoſe to re- 
ſemble in ſome Manner little Bundles of Twigs, or the Branches 
of Trees; ſome think them like Fleeces of Wool, others con- 
ceive them as rolled up like Hoops, or the Springs of Watches, 
and endeayouring to expand themſelves by Virtue of their 

Texture. But. Sir [/aac Nexwton is of Opinion, that ſuch a. 
Texture is by no Means ſufficient to account for that vaſt Power 

of Expanſion obſerved above; but that each Particle is endued 
with a repelling Force which increaſes as they a proach ons 

another, and accordingly keeps them aſunder at Diſtances re. 


ciprocally proportional to the Preſſure they ſuſtain, -  * g 
Wo gee Hales's tical Eſſays, Vol. I. Chap. 6. aſt 
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weich which it is compreſſed, and that Force 


continually decreaſes, as we approach the Top. 
Was the Denſity of the Atmoſphere every 
Where the ſame as it is near the Surface of the 
Earth, its Height (as is computed from the 
Quantity of Prefſure it exerts in raifing the 


. Mercury in the Barometer) would be about five | 


Miles. But whereas its Denſity continually de- 
_ . creaſes as we approach the Top, and it is un- 
Certain how far the Particles may expand them- 
ſelves, where there is little or no Prefſure, the - 
true Height cannot be obtained. It is com- 
puted to continue of a ſenſible Denſity to the 
Height of about forty-five, or fifty Miles. 
XII. The Elafticity of the Air produces the 
_ fame Effects with its Preflure, a 
For, Action being equal to Reaction, the 
Force which the Spring of the Air exerts in 
endeavouring to expand itſelf, is equal to the 
Force with which it is compreſſed; juſt as it 
is in the Spring of a Watch, which exerts no 
Force, but in Proportion as it is wound up; 

_ conſequently a Quantity of Air in ſuch a State 


of Contraction, as it would be compreſſed into | 


Ri the Weight of the incumbent Atmo- 
phere, exerts a Force equal to that Weight. 
If a Quantity of Air, therefore, is included in a 

Veſſel, and is of the. fame Denſity with the 
cCircumambient Air, its Preſſure againſt the 
Sides of the Veſſel is equal to the Weight of 
the Atmoſphere, Thus, Mercury is ſuſtained 
to the ſame Height by the elaſtic Force of Air 

5 33 included 


Qhaps al. Of the Air.» 1835 


included i in a Glase Veſſel, no Way communi- 


catin 95 with the external Air, as by 2 Weight | 


Atmoſphere itſelf. 
OG The Elaſticity of the Air f is gugment- 
ed by Heat, and dieinithed þ of old“, For if 
a Bladder, which is ; about half filled with Air, 


is laid before the Fire, it will, when it is ſuffl- 
S eas, be diſtended, arid burſt. Thu ww 


Glaſs Bubbles being laid upon the Fire, imme 
mented Spri ng of the included Air. 

Sa bo Ne Denfity of the Air thus gonti- 
nually varying, ee to the different De- 


grees of Heat and Cold to which it is 7 
- makes it difficult to aſcertain j its true ſpecific 


Gravity. RiccioLvs eſtimates it to be to that : 


pf Water, as one to a thouſand: MER$SENNUS, 
2 We to one thouſand three hundred: Mr. 
bh 


* 'This Prope perty is found in all Bodies both folid ang fluid, 
but in a much leſs Degree than it is in Air. Thus, if a Fl 
be filled with Water, only to the lower Part pf the Neck, an 

is then ſet upon the Fire; the Water, when it begins to grow 
Warm, will riſe into the Neck, d cogtinue to N. as the 
Feat is inne ng when a Wire or Bar of 

it is augmented in Length and Diameter. 
Upon this Property depends the 8 
mometer, which 35 a Git Bubble, with a fm 


r 
w — 
ifing _ it. This e oo 9 of che ou is u pr, 


'A 
ument, the ris obſery head tle 
| EN e . the Glaſs ee 1 itſe oh 


- bythe B is pugmanzeſl, before M0 insluded Liquor 1 * 
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lled with Mercury, or $ Wins, which will riſe or 
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Bor u, by more accurate Experiments, found 
it to be, as one to nine hundred and thirty- 
eight; and thinks, that all Things conſider d, 
the Proportion of one to a thouſand may be 


taken as a Medium; for there is no fixing an 


_ preciſe Proportion, becauſe not only the ſpeci- 
_ fic Gravity of Air, but that of Water alſo, is 
continually varying. However, by ſome Ex- 
periments made ſince with more Accuracy 

before. the Royal Society, the Proportion has 
been fixed at about one to eight hundred and 


= eighty. 


XV. Ait is neceſſary for the pie testad of 
Animal and Vegetable, Life: neither will Fire 
ſubſiſt without it. The Reaſon of this is as 
yet unknown to Philoſophers. Mr. Hates, 
by ſeveral” curious Experiments in his Statical 
Eſſays, makes it TI that 'tis " to its 
e 1. 1 


11 
e r. . 


0% the Refance of Fluids. | 


Nun Reſiſtance. Aa Body meets with in 
moving through à Fluid, is of three 
Kinds. The firſt ariſes from the Friction of 
the Body againſt: the Particles of the Fluid; 
the ſecond | from their Cohefion or HAY 


* F See his Analyſr of it. Statical Effays, Vol, L. Cap. . 
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| among themſelves; the third, from their Ins 


activity, or the Tendency they have in com- 


mon with other Bodies, to 1 che Places 
| bare aq ſſeſs. T7 | 


The firſt, vixæ. that which ati Rem the 
Friction of the Body againſt the Particles of 


the Fluid, is very inconſiderable; for whatever 


the Weight is which preſſes the Particles of a 
Fluid together, the Freedom with which 2 


Body moves through it, is not ſenſibly dimi- 
| niſhed thereby en ae obſerved, Clip: EY 2 


in the Notes. 2 


The ſecond, or that which wats from ah 
2 —5 of the Particles of the Fluid, is as the 
n that LOG "ou continues Palins! in it *: 


Thus, 


* We have a very curious 233 in N of this, 
ame Time illuſtrates the Manner in which a 
Body makes its Way through a tenacious Flbid, by Sir Haas 
Newton himſelf, in a Poſtſcript to a Letter in the 'Philoſop = 
Tranſactions, Ne 371. It is as follows: Suppoſe Pieces 
fine Silk, or the like thin Subſtance, extended in 
„Planes, and fixed at ſmall Diſtances from each other. apo 


then a Globe to ſtrike Mea, ald by ie againſt the Mid 
* the outermoſt of the Silks 


Silk be of equal 
* Strength, the ſame Degree of Force will be required to break 
© each of them ; bat the Time, in which each Piece of Silk re- 
£ fiſts, will be ſo much ſhorter as the Globe is ſwifter; and the 


6 Loft of Motion in the Globe conſequent upon its 3 3 


through — Silk, and ſurmounting the Reſiſtance the 
« will be rtional to the Time in which the Silk o poſes it. 
+: ſelf to lobe s Motion ; inſomuch that the Globe, by 

. Reſiſtance of any one Piece of Silk, will loſe ſo much loſs 0 
* its Motion as it is ſwifter. But on the other Hand, by how 
much ſwifter the Globe moves, ſo many more of the Silks it 


will break through in a given 8 Time; whence the 
my ö 1 * 


1 
i * 


and b 2 through them to 
loſe Part of its Motion. If the Pieces 
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Thus, ſuppoſe a Body continues to move | 
Within a Fluid for the Space of one Hour; if 
_ its. Motion be very quick during that Time, it 
tdben moves a great Way in that Fluid, and 
cConſequently meets with a great deal of the 
Fluid to reſiſt it; but is reſiſted the leſs in 
each Part thereof in Proportion to the Stay it 
makes there: whereas, if its Motion be ſlow, 
jt then moves but a little Way in that Time, 
but is reſiſted ſo much the longer in each 
Part thereof. So that whether the Body moves 
faſt or flow, the Reſiſtance it ſuffers is the 
fame; and depends therefore on nothing but 

the Time we ſuppoſe it to continue moving 
within the Fluid. This Species of Reſiſtance 
3s. alſo very ſmall, except in glutinous and + 
viſcid Fluids, whoſe Parts are not eaſily ſepa- 


„ 


Number of the Silks, which oppoſe themſelves to the Moti 

* of the Globe in a given Time, being r 

* tional to the Effect of each Silk upon * Globe, Reſiſt- 
© ance made to the Globe by theſe Silks, or the Loſs of Mo- 
tion the Globe undergoes by them in a given Time, will be 
« always the me. "IT 2 * 

Now, if the Tenacity of the Parts of Pluids obſerves the 

© ſame Rule, as the Coheſion of the Parts of theſe Silks ; name- 
* Ye that a certain Degree of Force is required to ſeparate and 
* diſunite the adhering Particles, the Reſiſtance ariſing from the 


' © Tenacity of Fluids muſt obſerve the ame Rule, as the Reſiſt- 
ace of the Silks; and therefore in a given Time, the Loſs 
| . of Motion a Body undergoes in @ Fluid by the Tenacity _— 4 
its Parts, will in all Degrees of Velocity be the ſame; or in 


„5 * 
” = 


* fewer Words, that Part of the Reſiſtance of Fluids, which 
* ariſes from the Coheſion of their Parts, will be uniform.“ 
„5 I YH ST 57 151 We: Ban 
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The third Species is the principal Reſiſtance 
that Fluids give to Bodies, and ariſes from 
their Inactivity, or the Tendency the Particles, . . 

of which they conſiſt, have to continue at Reſt. 

The Quantity of this Reſiſtance depends on the ' 

Velocity the Body moves with on a double Ac- ö 
count: For, in the firſt Place, the Number of i 
Particles put into Motion by the moving Body, | 
in any determinate Space of Time, is propor- 
tional to the Velocity wherewith the Body \, 
moves; and in the next Place, the Velocity 
with which each of them is moved, is alſo pro- 
portional to the Velocity of the Body; this 
Species therefore of Reſiſtance is in a duplicate 
Proportion, or as the Square of the Velocity 1 
with which the Body moves through” tine 
Fluid ®: „ee FO SARI: OY HTO IS ' 
II. Farther, the Reſiſtance which a Body, 
moving in a Fluid, meet with from thence, may 
be conſidered with Regard to the Fluid; and 
then it will be found to be more or leſs, ac- 


. * This may be otherwiſe demonſtrated from the twelfth Sec, 
tion of the firſt Chapter; for from thence it follows, that the 0 
Reſiſtance a Fluid gives to a Solid againſt which it moves, is 
protege to the Height a Body muſt fall from, to acquire 
ch a Degree of Velocity as the Fluid moves with: But the 
5 Heights Which Bodies fall from are as the Squares of the Velcei- 
ties they acquire by falling; conſequently 2 Reſiſtance which 
a Fluid gives to aSolid, againſt which it moves, is alſo as thesquare 
of its Velocity. Now it matter not, as to the Reſiſtance, whe- 
ther the Fluid moves againſt the Solid, or whether it be at Reſt, 
and the Solid moves in it; the Reſiſtance therefore-which a 
Fluid gives to a Solid moving in it, is as the Square of the 
Velocity with which it moyes, TY Rue | 


cording ' 


Fg 


| 
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; cording. to the Denſity of the Fluid. For b7 
how much denſer the Fluid is, ſo much the 

greater Number of Particles are to be put int 
Motion by the Body, i in oy, to make its > bud : 


85 through i 
III. The next Thing to be conſidered, is the 


< Effects of the Reſiſtance of Fluids upon Bodies. 
moving in them; that is, the Retardation * 


which they cauſe in the Motion of a Body by 


teir Reſiſtance, or the Quantity of Motion. 
| they deſtroy. 


And this, in Gmiliar Bodies of equal Magni 


tudes, is inverſely as their Denſities, or the 


Quantity of Matter they contain; for by how 


much the greater the Quantity of Matter in 
any Body is, ſo much the more eaſily does it 
overcome the Reſiſtance it meets with from the 


Fluid. Thus we ſee the Reſiſtance of the Air 
has a much leſs Effect in deſtroying the Mo- 
tion of an heavy Body, than of a light one 


which has the ſame Dimenſions. | 
IV. In fimilar Bodies of equal Denſities, 
| but different Magnitudes, the Retardation is in- 


verſcly as their homologous Sides. For the Re- 
| fiſtance which Bodies meet within a Fluid, is in- 


voerſely as the Quantities of Matter they contain 


by che laſt) that is inverſely as the Cubes of their. 
: homologous Sides; and it is alſo directly as 
their Surfaces, becauſe tis by them that they 


move the Fluid out of its Place; that is, di- 
rectly as the * of their homologous Sides; 


. con- 


” f * * 
3 
1 


1 


ure, Motion, Elaſticity, and Reſiſtance z/ I 


Chap. IV. The Re fea of n ah 


conſequently the Retardation is inverſely - as 


their homologous Sides f. 7 a0 


Having given: the fundamental AS. of 


 Hydroftatics, and ſne wn how Fluids, both com- | . 


preſſible and incompreſſible, are diſpoſed to act 
upon each other, and upon Solids by their Preſ- +3 


proceed now to account for ſome of the more 
remarkable Phznomena of Nature, in Which ; 
they are in Part, or altogether concerned: And | 


this I deſign for the e of the N 
Diſſertations. 4 


wy 


7” 


1 becuaſe the inverſe Ratio of = Cubes of * | Numbzrs 


being compounded with the direct Ratio of the Squares of che 
| ſame, ? onda 1 Fae: . iy; 122 erer n 


4 15 T7 
£3 
" ? 4 * 9 - 1 
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of Sound. 


| HEN the PIT 4 8 | 
put into a tremulous Motion, by Per- 
cuſſion, or the like; ſo long as the Tremors 

continue, ſo long is the Air included in the 


WW. eB os 
þ * 


Pores of that Body, and likewiſe that Which 


py refles upon its Surface, affected with the like 


remors and Agitations : Now, the Particles 
of Air being ſo far compreſſed together by the 


1 Weight of the incumbent Atmoſphere, as their 
8 Forces permit, (as has been explained, 


.) it follows, that thoſe, which are 


| immediately agitated by the reciprocal Mo- 
tions of the Particles of the elaſtic Body, will, 


in their Approach towards thoſe which lie next 
them, impel them alſo towards each other; 


and thereby cauſe them to be more condenſed, 


than they were by the Weight of the incum- 


bent Atmoſphere, and in their Return will ſuffer 


them to expand themſelves again; whereby the 
like Tremors and Agitations will be propagated | 
to them; and ſo on, till having arrived at a 
certain Diſtance from the Body, the Vibrations 
ceaſe, being gradually deſtroyed by a conti- 
nual ſucceſſiye Propagation of Motion to freſh 


9 of Air Le their "DER. 


© . ticle of Air is 
| * Way; it follows, that when any one ap- 


\ 


Thus it is that Sound is communicated from 


a tremuloas Body to the Organ of Hearing. 
Each Vibration of the Particles of the ſounding 
Body is ſucceſſively propagated: to the Particles 


po of the Air, till —— thoſe which are con- 


tiguous to the Tympanum of the Ear, (a ſine 


Membrane diſtended acroſs it,) and theſe Par- 


_ tivles, in performing their Vibrations, impinge 
upon the Tympanum, which agitates the Agr 


included within it; and that being put into a 


like tremulous Motion, affects the auditoty 


Nerve, and thus excites in the Mind che Sen 
ſation er Idea of what we call Sound. 

Now fince the repulſive Force of 8 Par: 
;equally diffuſed around -it eve- 


2 a Number of others, it not only re- 
s thoſe which lie before it, in a right Line: 
the reſt alſo, laterally, accagding to their re - 

ſpective Situations: that is, it makes them 


| recede every Way frocm itſelf, as from à Cen- 


ter: and this! being true of every Particle, it 


follows, that the afereſaid Tremors will be 


propagated from the ſounding Body in all Di- 
rections, as from à Center: And further, I 
they ate confined for ſome Time from {| | 


ing themſelves by: paſſing through a Tube or 


the like, will, when they have paſſed through 
It, ſpread themſelves from-the End in every 
Direction. In like Manner, thoſe which paid 
through an Hole in an Obſtacle they meet 
in their Way, will afterwards ſpread 

ſtemſelves 


\ 
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themſelves from thence, as if that was the 


Place here they began; ſo that the Sound, 
which paſſes through an Hole in a Wall, or the 


like, is heard in any Situation whatever, that 
is not at too great a Diſtance from it. Some- 


thing analogous to this we may obſerve in the 
Motion of Waves upon the Surface of a Fluid, 
which are propagated equally through all Parts 
of the Surface in a Circle, though not occaſioned 


by a circular, but © reciprocal Motion and 


Agitation of the . cba other Body i in 
a ſtrait Line. 


Since the Repylfive. Foros with! which the 
Particles of Air act upon each other, is recipro- 
cally as their Diſtances; (Chap. 3. F. 10.) it 
follows, that when any Particle is removed out 


ol its Place by the Tremors of a ſounding Body, 
or the * of thoſe which are contiguous 


to it, it will be driven back again by the 


repulſive Force of thoſe towards which I is 
üimpelled, with .a Velocity proportional te 


the Diſtance from its proper Place; becauſe 


the Veloeity will be as the repelling Force. 
_ The: Conſequence of this is, that let the 


Diſtance be great or ſimall, it will return to 
its Place in the ſame Time; (for the Time a 


performed, depends on the Degree of Repul- 
31 > ; | 


1 


Body takes up in moving from Place to Place | 


will always be the ſame, ſo long as the Ve- 
Jocity it moves with is proportional to the 
Diſtance between the Places.) The Time there- 
fore in which each Vibration of the Air is 


fion 


1 je g Baltic e the Ar, but continues 


die % 3 "av 


ſion in its Particle + And. lang ag en dt 
altered, will be the fame at all Diſtances fem 
5 "he: e yr as the Mo». 
F 

pagation of the Tremgrs of .a ſour 

tary the Air, and as Boos Propagati 40R 272 
E on the Time each Tremor is pe 

it follows, that the Velogity of _ Var 


Ps NY 


| 2s 5 as the Velocity with which ound] is 
5 propagated, depends en the Elaſticity of ths 
Air, ſo it does alſo. on. its Depfity ; for 
the Denſity of the Air is augmented,” while its 
Elaſticity xemains the ſame +, a greater — 
ber of Particles will move forwards and hack - 
Wards in each Vibration; now, lance e ſupe 
poſe the Cauſe by which they" op each . 


be; 


4 * it will not appear to every one, how-.the- 
. of the Air can be augmented-without a proportional Increaſe 
its Elaſticity ; cæteris paribus, the nearer the 4 
E each other, the ſtronger is the Action of their xeppl- 
Ve Force. 
| But it is to be confider'd, chat when the Air becomes colder, 
its bs e is diminiſhed, and then the Particles are brought 
| jen fac a er na the Preſſure of the Atmo r till they de- 
quire an ual to what they had of. vis. ſuch as 
anſwers to the > Preflure they ſuſtain (Chap. +8 43.) — 
hence. we may infer, that the Propagation of ound is lower in 
Winter than in Summer, w how hs 59 in the Barometer is 
at the ſame Height; forthe Preſſure of — Air being the ſame, 
| pp 03g, pt which depen Cold and is ſo too 3 but the Air is 
_ , denſer by Reaſon of * de C . . Us TI 


'Hower. 


3 Vol. I 3 K f into: 1 


| Sdond i is propagated, is (by the 
- eſtimate the Lime which paſſes between ſeeing a Fire of 
- Gun at a Diſtance, and hearing the Report. Its great Velocity 


when the Air is much rarefied by 2 
| heard at all. When the Air is condenſed; the Sound is aug- 
mented in Proportion to che Condenſation. Theſe Experiments 


i 4 q 


Nut ut” 


| Into Motion "I their Elaſticit, ty.) the ſame, 


will each receive a leſs Degree of Velo- 


5 city; and ſo the Vibrations will be performed >; 
in a longer Time, whence the Succeſſion of 


them will be flower, and the Progreſs: of this! 


Sound- proportionally retarded 


© Whereas the undulatory Motion of the Air; 
which''conſtitutes Sound, is propagated. in all 
Directions from the ſounding Body; it Will 
frequently happen, that the Air, in perform- 


ing its Vibrations, will impinge againſt vari- 
dodus Objects, which will reflect it back, and 


ſo cauſe new Vibrations the contrary Way; 


| now, if the Objects are ſo ſituated, as to re- 


fle&- a ſufficient Number of Vibrations back 
(ix. ſuch as proceed different Ways) to the 


The Method of determining the Velocity with wales 
Hap of a ſhort Pendulum) to 


makes it difficult to be determined exactly; accordingly Au - 
thors differ much in their Accounts. The moſt accurate Ob- 


ſervers, Dr. Halley and Dr. Derbam, have found it to be about 


one thouſand one hundred and forty-two Feet, which is almoſt 
uarter of a Mile, in a Second. 6 N 

e uſual Experiments to prove that the Air is neceflary for- 

. Propagation of Sound, are ſuch as theſe. A ſmall Bell be- 
ing put into the Receiver of the Air-Pump, may be heard ata 
conſiderable Diſtance before the Air is exhauſted out of it; but 
can ſcarcely be 


do not only ſucceed in forced Rarefactions and Condenſations, 
but in ſuch alſo as are natural; Sound being obſerved to be 
much weaker on the To "= of high Mountains, where the Air 


is leſs condenſed by the Weight of the incumbent Aue, | 
than in the Mc ee. 7 : 


. =. a 4 . 
* 
4 . f # 
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ſame Plage, che Sound will be N peated, 
and is called an Ecbo x. And, the greater the 
Diſtance of the Objects 1 is, the longer will be 


the Time, before the Repetition is heard. 
And when the Sound in its Progreſs meets with 


Objects, at different Diſtances, ſufficient to 


produce an Echo, the ſame Sound will be re- 


peated ſeveral Times ſucceſſively, accordin 2 
the different Diſtances of thoſe Objects fr 


the ſounding Body; which makes what is all 


ed a repeated Echo. 
If the Vibrations of the 8 Body are 
propagated through a long Tube, they will be 


continually. reverberated from the Sides of the 
Tube into its Axis, and by that Means pre- 
vented from ſpreading, till they get out of it; 


whereby they will be exceedingly increaſed, 


and the Sound rendered much louder than it 


bea otherwiſe be k. 
The Difference of Muſical Tones depend 


on the different N umber of Vibrations com- 
wunfesieg to the Air, in a given E by the 


2 ee ee e e Tremors 
„Ann Feodfeck Park, near o ord, there is an a Echo, which 


repeats diſtinctl ſeventeen 8 — by Day, and twenty by 
| Ni ht. See Plot's Natural Hiſtory of -Oxfordfoire. 


he Reaſon why it repeats more Syllables by Night, than 
by Day, is becauſe the Air, being colder at that Time, is more 
- denſe ; and therefore the Return of the firſt Vibrations being 
lower, gives Time for the Repetition of more Syllables. 


+ This is the Caſe in the Stentoremhonic Tube or Speaking | 


"Tram See Kircher de Re Mujica, Lib. + Par. 3- Ode 
F Nat. * p- 293. + pe 


Upon 


* 


rremors of the ſounding 8 Body: and de hicker Js 
the Succeſhon. of the Vibrations is, the acuter is 


the Tohe, and > conta. 


A mufical Chord performs all its veto, 


whether great or ſmall, in the fame Lime. 


Whiſpering Gallery is that of a Segment of a8 


: 


it be fmal 


+ 3 


with which it returns, when left to itfelf, will . ; 


Por, if 5 String is ſtretchell betweeen ewo Pins, 
and a Force plied to the middle Point, 
5 ger 


rectilineal Situation; it 
is found 7 xperitnent, that the Diſtance (if 

) to which it is drawn, is as che 
Force applied; conſequently the Velocity, 


be as the Space it has to move over; it will 


: 8 nde all its Vibrations in che fame 


Time: This is the Reafon why the ſame Chord, 


| however ſtruck, produtes the fame Note. It 


is alſo found by Experiment, that when Strings 


© of equal Diameters, but different Lengths, 


are equally ſtretched, the longer they are, ſo 

much the leſs Weights will draw them from 

their rectilineal Situation to the fame Diſtance ; - 
Upon this Principle it i8, that Sound is conveyed from one 2 


Side of a Mhiſpering Galler) to the „ r one, without bein 


iddle. The Form of 4 
„or the like 


perceived by thoſe who ſtand in th 


arched Figure; and the Progreſs of the 80 
be 1 in the following Manner. 

et A Fig. 14.) repreſent the Segment © a Sphere ; 
and ſuppoſe a low. Voice uttered at D, che eee ex * | 
ing themſelves every Way, ſome will impinge 


E, E, Ce. and from thence be reſtected to the — on. 


thence to G, and ſo on, till they all meet in C; and by their 


|. ._ "Uniſon there caüſe a much Rrotige? Sound, than in any other, 
Part of the Segment whatever, even at "Dy che ren from 


E 215 came. 


0 + > 


« 


through it may 5 


* 
— 
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| "my leſs, and the Times of their Vibrations 
FB 
in equal Times, the Tone produced is 

an Uniſon. If one performs two, while the 
other one; tis an OFave. . If one three, while 
the other two; tis a Fiſtb. If one three, 
while the other four; i caled a Fourth, 

To make zn Uniſon Sound, it is not neceſ- 

ſary that the Vibrations of the two Strings 
ſhould actually concur, but only that they 

ſhould be performed in equal Times; {© that 
they would always concur, if they began at 
the ſame Inſtant! For the Ear perceives not 
the ſingle Vibrations diſtinctly, but only finds 
that Difference, which proceeds from the In- 
tervals-of Time that paſs between them . 


- * pon theſe Principles we may account for that remarkable 
Phenomenon in Mxfic, that an iptenſe Sound being raiſed, 
either with che Voice, or a ſonorous Body, another fonorous Bo- 
dy near it, and in Uniſon with it, will thereby be made to ſonnd. 
or the Vibrations of the Air, which correſpond to che T 
mors of the firſt ſounding Body, agreei 7 in Point of 
Time, with thoſe which are capable of being given to the 
other Body at Uniſon with it; — 2 — by their irt Im- 
pulſe communicated a {mall Dogree of Motion to it, will, #8 
_ conſpiring with it, as it moves forwards and backwards, conti · 
nually increaſe its Motion, till it becomes ſenſible. The gon · 
trary 3 in Strings which are in Diſcord with each other; 
for in this Caſe, though the firſt Vibration of ons may give - 
Motion to che other, yet their Vibrations not being pe 
in equal Times, the ond will come unjeaſonab , 1. e. when 5 4 
the other is moving the contrary Way, and qhſtruct ite Motion. | 
II is farther obſervable, * two Strings, one of * vi- 
| by | | ates \ 


* 


* 
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brates twice, while the other once; if the firſt be ſounded, ke 
two Extremes of the other will each ſound an Uniſon with it, | | 
While the middle Point remains at Reſt. So if one vibrates | 
thrice, while the other once, the laſt will be divided into three: 
Parts, each of which will ſound an Uniſon with it, and the two [ 
Points between thoſe Parts will remain at Reſt. For other- | 
wiſe, that which vibrates twice, while the other once, muſt ne- | 
eeſſarily interfere with it at every ſecond Vibration; and that | 

, which vibrates thrice, while the other once, would interfere | 

with it at every third; ſo that it would not be put imo a ſoſfi- | 

cient Motion to produce a Sound. But, when it is divided 


the quieſcent Points, it becomes ſo many Strings at Uniſon with 
5 ny former, each of which eaſily receives its Vibrations from | 
"thence. 6 | | . 
From hence likewiſe it is, that if we take two or three Drink - ( 
ing-Glaſſes, and put ſome Water or other Fluid into each of 


them, and place them near to each other, taking Care to fil! 
' them to ſuch Heights, that (when ftruck) their Tones ſhall be 
in Uniſon ; and then, if we ſlide the Finger along the Brim of 
one of the Glaſſes, preſſing prett onze upon it, (which will 
dauſe it to ſound) we ſhall ſee the Surface of the Fluids in ths 
other Glaſſes begin to tremble ; which ſhews, that the Vibrations 
of the firſt Glaſs cauſe the like in the other at Uniſon with it; 
 ..__- though not perhaps in a Degree ſufficient to produce 4 Sound — 
| ſtrong enough to be heard diſtinQly from the former. 
Phus it is that ſome Perſons are able to break a Dripking. 


Glaſs 4 A Tone of their Voice at Uniſon with it. They 
17 the Tone of the Glaſs by ſtriking it, then applying their 
Mouth near to the Brim of it, ſorind the ſame Note with their 
Voice; this ſets the Glaſs a trembling ; they then continually 
_ raiſe their Voice, ſounding till the ſame Note; this increaſes 
the Tremors of the Glaſs, which by that Means (if it is not too 
ſtrong) is broke in Piece. 1 71 | 
The Effect of Maße upon Perſons bit with a Tarantula, (if 
the Accounts we have of it from Abroad may be credited) is 
very ſarpriſing. A Perſon bit with the Tarantula, after ſome 
Time loſes both Senſe and Motion, and dies if deftitute of 
Help. The moſt effectual Remedy is Mae. The Muſician 
| wries Variety of Airs, till he hits upon one that affects the Pa- 
tient, who upon that begins to move by Degrees ; firſt keeps 
- Time with his Fingers, Arms, and Legs, afterwards is vio- 
lently agitated in every Part of his Body; and then leaps up, 
begins to dance, and increaſes in Activity every Moment; tall 
_ after five or fix Hours, being much fatigued, he is put to 


3 . 


* 
* 
F 1 „„ 38 $ 
l - 


* 


= 
o F 


2 


| | DiflerteT. % Send... x5 


| 
Bed, and left to ſweat. The next Day the ſame Air brings him 
| 
| 


out of Bed for a new Dance. Which Exerciſe being thus con- 
| _ tinued, the Diſtemper is abated in the Space of four or five | 
Days, the Effects of the Bite being in ſome Meaſure carried of 
by Sweat, and the Patient begins then to recover his Senſe aud 3 
Knowledge by little and little. ; 
The Reaſon why the Patient is thus affected by the Mufc, is, 
| becauſe the Nerves of his Body are ſo diſpoſed in that Diſtemper, 
| as eaſily to be agitated by the Vibrations which are occaſioned ' 
| by the principal and ſtronger Notes of what is played. 
i See, on the Subject of this Diſſertation, Philosoph. Tranſa&. --- 
N 134, 234, 302, 313- 319 337; Hitt. de LL Acad; 1708, - 
1708. Grew's 5 Sacr, Book I. Chap. 5. Mead _ 


} _ Poiſons, p. 59: Keil's Anatomy, p. 214. Nele Prax, R 
dic. Diſſert. 1. Bellini de Urinis & Pulfibus, c, ſub fing 


Capitis de Mania. 
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=» 1 ilar OE is Fern under od 
154280 pe, the Diameter of whoſe. 
Bore at 6ſt * abbut one tenth of an Inch; 
any Tube, whole Cavity does. Lot. ex. 
eed Hat Magtiitude, may be 18 n 
The Phænomena of Capillary Tübes being 
ſuch as contradict a known Law in Hydrofta- 
ict, viz. that a Fluid riſes in a Tube to the 
ame Height with the Level of its Source ; 
and likewiſe of Affinity with the Aſcent of the 
Sap through the Stems of Plants for the Nou- 
- riſhment of their Fruit, and with divers other 
operations of Nature; it has been thou 
of no ſmall Mement 8 PIntoſophy to To 
out and eſtabliſh their ttue Cauſe; ＋ St 2 
ter numerous Experithents, and ſeveral Con- 
jectures about it, is fond to be no other than 
the Attraction of Coheſion ; by which ſmall 
Particles of Matter mutually adhere together, 
and form larger Bodies l. I ſhalÞ lay down 


+ See Chap. I. $. 9. Caſe, 4. in the Notes. 


I See Haul ſbers and Poawer's Experiments. Muſchenbroeck, 
410 Edit, Philoſoph, Tranſat. Ne 358. Mem. de I' Acad. 


Naeh 72 17223 1724» with 1 25 referr'd to 9 
ee | the 
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me ſeveral phenomena, as ſo ma 


ny Matters of 


| Fat; and ſubjein to each a Solution from that 
Cavſe. In order to which, it may not be im- 


1. emiſe the following Conſideration a 
a F7E 


y of Lemma. 


Let us ſuppoſe the Velſet'A BCD (Pig. M6) - 
filled with a Fluid to the Height L M. and 
let it be conceived as divided into the 1 5 

Ar- 


Portions E FG H, GHIK, IKL M, Gr. 


= 


wards as far as U; and fo of all the reſt 


round the Tube. From hence it will fol * 
that every Particle of the inner Surface of the 
Veſſel, Which lies between E F and RS, con- 


Pires in endeavouring to raiſe the Fluid to- 


| weads AB the Top 6 of the Veſſel; and aer 


- . the Fluid is ihr any other, 


*_ Jaftance, Fl} an agg. alt below is; * | 


Attract downwards three Strata of the Fluid 


of the Veſſel) from above, and as 
Effect at all in raifing or depreſſing the Fluid. 


But the Particle Q will attract only two Strata 


| downwards; becauſe there are no more above 
it, 


Diſs U. | Of Cop Tab Ps 


ther, let it be ſuppoled, that each Particle of - 
Matter in the inner Surface of the Veſſel, has 
Sphere of Attraction, whoſe Semidiameter | 
is equal to the Breadth of three of thoſe Por- 
tions; that is to ſay, that the Attraction of 
e Pattide M reaches upwards as far as F, 
and downwards as far as 8; and that of the | 
Particte O, upwards as far as H, AC | 


uch as are contained in three equal Diviſions 
Wards from below; and therefore will have no ä 


8 
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F. 
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it, and three upwards, and therefore will in 
ſome, Meaſure tend to raiſe the Fluid; ſo the 
Particle O will attract but one downwards, and 
three upwards; the Particle M none down- 
Wards, and three upwards; the Particle K two 
upwards, and H only one: all which may 
E be ſeen by their Situations in the Figure 
With, Reſpect to the Surface of the Fluid. 
+ Therefore in every Veſſel, where there is a mu- 
| tual Attraction between the Fluid it contains 
.} andthe Particles of which it is compoſed, there 
f will be a certain Number of Particles diſpoſed 
* azound..it in Form of a broad Periphery or 
' Zone, as repreſented by AB (Fig. 16.) half of 
which lies above the Surface of 20 Fluid, and 
| half below it, and will tend to make it riſe. to- 


5 i | - N a : 


Þ following Phenomena will not be difficult “. 


SY have been-the-more particular 1 in explaining this Ts 
| becauſe it is not a bare Periphery of no Breadth, to which the 
Aſcent of the Fluid is owing, but a Zove or Cingalum of Parti- 
cles diſtended equally in Breadth both Ways from the Surface 
of the Fluid; and becauſe it is upon the Breadth of this, that 
. me of the following Solutions depend. As to the Thickneſs 
of it, that undoubtedly is equal to the Semidiameter of the 
Sphere of Attraction in che articles of the Veſſel; and there- 


1 i fore Veſſels, whoſe Sides are of different Thickneſſes (provided 


different Effects upon the ſame Fluid, though. no one has as yet 
been ſo accurate as to obſerve it. The Reaſon Why a Fluid WiIlIl 
not riſe in a large Veſſel, as well as in one that 1s Capillary, is, 
4 becauſe the Attraction of its Particles does not reach far enough 
into the Middle of the Veſſel ; and therefore it only riſes about 
1 the Sides ang þ higher than in the Middle : as may be ſeen 

in 2 Drinkin ſs, when a Quantity of Water! 1s put into it, 
| ſomewhat le. than is ſufficient to fill it. 
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thoſe Thickneſſes be leſs than that Semidiameter) muſt have 


Wards the Top. This being underſtood, the 
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ged below the Surface of the Water contained 


in the Veſſel FGHI: The Water will imme 


diately riſe up in each Tube above the Surface 


of that in the Veſſel, beginning with a ſwift 
Motion, which will gradually decreaſe ; till 


as much Water has entered the Tubes, as th 
are able to raiſe: And the Heights to which 
the Water will riſe in them, will be . 
cully as their Diameters. 

That the Water ought to RY in both Tubes 


is an immediate Conſequence of the foregoing - 
Lemma; "becauſe the Column of Water with 
in the Tube is rendered lighter than an equal 
Column on the Outſide, as being attracted ups 
wards by a Portion of the interior Surface cf 


the Veſſel; and: therefore will riſe till it be- 


comes as much longer than the external ones; 
as it is made lighter; that the Æguilibrium, 
which was deſtroyed by the Attraction of the 


Tube, may be reſtored by the Weight of the 


Column. The Reaſon that the Velocity witn 


which it riſes, ought conſtantly to decreaſe, is, 
becauſe the heavier the Column is, the leſs is 


the Effect of the Attraction, which is always 
the ſame in a Tube of the ſame Diameter. 


And laſtly, the Heights to which the Water 
riſes in them, will be reciprocally as their Dia- 
meters; for then the Quantities raiſed · will be 


* | 


Diſſert. II. Of Capillary Tubes. | 1 
I. Let there be two Capillary Tubes, AB 


and C (Fig. 17.) open at both Ends; and 
having their lower Orifices, A and C, immer- 
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I os directly as the Diameters ; but the Peripheries 
tat raiſe them, (being always of the lame” 


Breadth, and having their Lengths equal to the 
_ Circumferences of the Tubes) are as thoſe Dia- 


meters; the Quantities of Water, therefore, 


being in the ſame Ratio, are as the Feripberies, 
e. as the cauſes by which they are raiſed. 

II. If the Tubes, before they are immerged 
in the Water, are filled to greater Heights 
than thoſe to which it would naturally tiſe in 


them, and then have their lower Orifices in- ; 


merged in Water, the Water will fabfide till 
| it ſtands in each at the ſame Height to which 

it would have riſen ; but, if they are held in a 
8 Poſition, and the Water be ſuffered 
to run out at their lower Orifices, without being 


. immerged, the Winer will act ade in 5 


© Tubes quite ſo far, 


The Reaſon why the Water in the Tube, 
when its lower Orifice is immerged, ſubſides 
to the ſame Height it would have riſen to, had 
the Tube been immerged when empty, is be- 


cauſe the Column is ſuſpended in one Caſe by 


the ſame Cauſe, by which it is raiſed in the 
other; but when the Tube, full of Water, is | 


+ The Heights to which the Water riſes, being 128 
om! Ratio of the Diameters ; and the Contents of Cylin- 
drical Tubes being in a direct Ratio of their Heights, and of 
the Squares of * Diameters; the Quantities of Water 
raiſed in this Caſe will be in a reciprocal Ratio of the Diame- 
ters, and a direct one of the Squares of the ſame. Now theſe 


two Raties being compounded rk. rs give the direct one 


the Diameters themſelves ; becauſe the fimple reciprocal Ratio 


deſtroys one of thoſe, which are con; in the direct one - ' 


7 Is: | | "Ty 
| . held 


Diſlet: II. Of Capillary Tubes, Mes - 
| held erect, without being immerged, it will 
not ſubſide quite ſo far; becauſe the lower End 
of the Tube, which the Water leaves behind 
it as ĩt drops out, attracts it the contrary Wayz 
ſo that the Column in this Caſe is ſuſpended, 
not only by the inner Surface of the Tube at 
the Top, but alſo by its lower End ; and there- 

fore a greater "ie: of Water is c 1 

than in the former Caſe, _ 

III. If a Tube, having its iner Orifice im- 
merged in Water, be held obliquely, it will 
raiſe the Water to the ſame denne . 
Hei ght, as when held erect. 

Fo or ſince Fluids preſs according to their per- | 
pendicular Heights, the Weight of the Column + 
raiſed will not be proportional to the attrace 

tive Force of the Tube, till it has arrived at the 
ſame perpendicular Height, to which it would 

have roſe, if held ere&.  _\ 

IV. If a Tube, when the Water is dien ins | 
it to its wonted Height, is laid in an horizontal 
Situation, the Water will move towards the 
Middle of the Tube, leaving the End which 
was immerſed a little behind. 

The Solution of this Phænomenon depende- 

on what was obſerved in the Lemma 7 N 

the Breadth of the attracting Periphery, and 
its being equally ſituated on each Side the 
Surface of the Water; for from thence it fol- 
lows, that if the Water ſhould not run from 
the full End of the Tube, after it has laid in 

horizontal Situation, but remains contiguous | 


to 


„ 


to it; [that End of the Sotimna of Witer wud 


de attracted only by ſuch a Portion of a Peri- 
HE Ss TX as lies within its Surface at that End ; 
| a 


uſe the End of the Tube coinciding with 


the Surface, the other Half of the Periphery 
ds wanting. Whereas, at the other End of the 
Column, there is a Periphery whoſe Breadth is 
entite; which, overpowering the other, cauſes 

the Water to move towards the Middle of "the 

Tube, till as much Periphery is left behind, as 

can at once affect the Water by the Attraction 
of its Particles; after which the Water being I 
2 attrated equally each Way, remains at Reſt. 


V. Let there be a Tube (Fig. 18.) conſiſt- 


oy ins of two Parts DR and RC K, of different 


Diameters ; it follows from what has been faid, 


chat DR the ſmaller Part of the Tube, is able 


to raiſe Water higher than the other: Let then 
the Height to which the larger would raiſe it, 


be IT F, and that to which it would riſe in the 
| lefler (was it continued down to the Surface of 
. the Fluid) be XL: If this compound: Tube be 
n lled with Water, and the larger Orifce CR be 
immerſed in the ſame Fluid, the Surface of the +> 
Water will fink no farther than XL, the Height 


to which the leſſer Part of the Tube 45er | 
| have raiſed it. 


But if the Tube be del (a in Fig. 19 } 


i We the ſmaller Orifice XL be immerſed, the 


Water will run out till the Surface falls to TF ; 


% 5 * e to _ the larger Part of the 


robe 


6 
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Tube would have raiſed it. The dies of me. -.. 


lower Part making no Alteration in the 
Height, at which the Faid is N AR 


other Cale. 9/1 5 15. 


In order to account for thels Pence, it 


maſt be confidered, that when 4 Body: iss 
diſpoſed, that its different Parts ſhall move 


| with different Degrees of Velocity, the greater 
Proportion the Velocity of that Part to which: 
a moving Power is applied, bears to that off 
the Reſt, ſo much the more ęffectual is the 
Power in moving that Body: As is the known 
Caſe of the Lever, and 2 the other: Meehan. 
cal Powers, © 
Now let us conceive 7 Tube DR (Fig. B 
18. ) continued = x: | ul let it be 
ſuppoſed at ent that the Fluids contained 
7 | 2 HI, and the compound one 
XLEC, are not ſuſpended by the Periphery 
at L, but that they preſs upon their teſpective 
Baſes, HI and CK. Let it farther be ſuppoſed 
that theſe Baſes are each of them moveable, 
and that they ate raiſed. up or let down with 
equal Velocities; then will the Velocity with 
which X L the uppermoſt Stratum of the Fluid 
XLCK moves exceed that of the ſame Stratum 
conſidered as the uppermoſt of the Fluid in the 
Tube XL HI, as much as the Tube RC K 
18 wider than D R (by the Lemma, Chap. I. 
9.) that is, as much as the Space MNKC 


SS X L1H; conſequently, by What was 


z obſerved in the — Paragraph, the. 
Effect 


. 


Q Capillary Tuber. Part l. 


| _— of the attracting Periphery XL, aait 
acts upon the Fluid contained in the Veſſel 
XLC. exceeds its Effect, as it acts 2 
that in X L HI, in the fame Proportion. 
_ Since: therefore it is able (e Hyporh,). to yok | 
_ rain the Weight of the Fluid X LH I by DoD 
natural Power, it is able under this Mochank, 8 
cal Advantage, to ſuſtain the Weight of as 
much as would fill the Space MN KC: Bot  - 
the Preſſure of the Fluid XLC K is equal to Ns 


that Weight, as having the ſame Baſes and an 


equal Height (Chap. I. J. 9.) its Preſſure theres = 


fore, ot the Tendency it has to deſcend in the 


Tube, is equivalent to the Power of the at- 


tracting Periphery X L, for Which ea it 
: ought to be ſuſpended by it. Y 
.  » Again) the Height (Fig. 1g.) at hich | 

5 the attracting Periphery in the larger Part: of 
the Tube is able to ſuſtain the Fluid, is na 
greater than N F, that to which it would have 


raiſed it, had che Tube been continued down 


e MN. For here the Power of the attract- 
_ Periphery acts under a like Mechanical 

Diſadvantage, and is thereby diminiſhed in 

Proportion to the Capacity of the Tube TFNM 

' to that of HIXL; becauſe, if the Baſes. of 

'- - theſe Tubes are ſuppoſed to be moved with 


equal Velocities, the Riſe or Fall of the Sur- 


face of the Fluid TF XL, would be ſo much 
leſs than that of T FMN. And, whereas 

. the attracting Periphery T F is able by its na- 

tural Power to falpend the Fluid only to the 
| * 


— 


— 
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Height N Fin the Tube TFNMN it is in his 


— * F* 
- $ a 


4 


4 


* 


Caſe able to ſuſtain no greater Preſſure than 


what is equal to the Weight of the Fluid in 


the Space HIXL : but the Preſſure of the 
Fluid T FX L, which has equal Height, and 
the ſame Baſe with it, is equal to that Weight; 


and therefore is a jult Æguipondium to the at- 


ann ĩðͤ TIEEESS7 Ts 5 
VI. From hence we may clearly ſee the 
Reaſon, why. a ſmall Quantity of Water put 


into a Capillary Tube, which is of a Conical 
Form, and laid in an Horizontal Situation, 


will run towards the narrower End. For let 
AB (Fig. 26.) be the Tube, CD a Column 
of Water contained within it; when the Fluid 
moves, the Velgcity of the End D will be to 
that of the End C -reciprocally as the Cabity 


of the Tube at D, to that at C (by the Len- 


ma, Chap. 1. F. 9,) that is, reciprocally'as'the 


bw pt of the Diameter at D, to the Square 
of the Diameter at C +; but the attracting Pe- 


—_ at D is to that at C in the fimple Ra-' + 
tio of the Diameter at D, to the Diameter at 


C. Now, ſince the Effect of the Attraction 


depends, as much upon the Velocity of that 


Part of the Fluid where it acts, as upon its 


natural Force, its Effect at D will be greater 


than at C; for though the Attraction at D 
be really leſs in itſelf than at C, yet its Loſs 
of Force upon that Account is more than 


| + 12 El. 2. 2 | 45 
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compenſated by the mechanical Advantage it 
has ariſing from hence, viz. that the Velo- 

city of the Fluid in that Part is greater than 

it is at C, in a greater Proportion than the 

1 Force itſelf is leſs: The Fluid will therefore 
move towards B. 

VII. From hence likewiſe. it Pi Bore 8 


15 if a Veſſel, as ABC (repreſented Fig. 21.) of 


any Form inte have its upper Part drawn: 
out into a Capillary Tube, as B; and if this 


Veſſel is filled wien Water, and — wi its lower 


Orifice placed on FD, the Surface of the. ſame 
Fluid; dee the Water will remain ſuſpended 
in the Veſſel, provided the Capillary at the 
Top be ſmall enough (was it continued down. 
do the Bottom) to raiſe the Fluid to the Height 

B. Begauſe, by Propoſition the fifth, the lower 


Part of the Tube makes no Alteration in the 


7 Height, at which the Capillary B is able to ſuſ- 
tain the Fluid. 
VIII. And if the fume Veſſel be filled only 
| to the Height DE (Fig. 22.) and a Drop of 
Water be put into the Capillary at B (the in- 
termediate Part BDE being full of Air) the 
Water will continue e pungeg at the an 
B 
For, bwag n the Fluid ACDE is not in 

Contact with 5 Drop of Water in the Ca- 
pillary Tube, and therefore not immediately 

ſupported by it; yet the Preſſure of the Atmo- 
| ſphere upon the Surface FG, and againſt the 
upper Part of che * in the ES B, 


ts 


"'F 


- 


- 


vp © 
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keeps the Fluid ADE C, and the Drop, and the 7 


intermediate Air from ſeparating, juſt as in the 


former Caſe the Attraction of Coheſion in the bl 


Particles of the Water prevented a Separation 
between that in the Veſſel and that in the Ca- 
pillary. Conſequently, as the Water in the 
Capillary was able in the former Caſe to ſuſtain 
5 Fluid as the Veſſel could contain, it is 
now ſufficient to ſuſtain the Fluid A DE CN. 
IX. Let there be a Capillary Siphon, as 
that repreſented Fig. 23, 24, or 25, and let EF- 
be the Height to which Water might be raiſed 
by a Periphery equal to that at A. Now, ſince 
| (as was obſerved, F. 2.) the lower End of a Tube 
when it is not immerged, cauſes a longer Co- 
lumn to be ſuſpended than otherwiſe would 
be; that is, it ſupports a ſhort Column beſides 


that which is ſuſtained by the attracting Peri- 


phery; let H I: be the Height of ſuch a Co- 
lumn as might be 8 by the End C: 

Then, if any of thoſe Tubes — filled with 
Water, and held as in the Figure (neither End - 
being immerged) the Fluid will run out of 
the Tube at C, if CD, the Difference of the 


+ 'This ha appens quite oihervie1 in Vs becauſe the pet. - 
Cine of the which, as it were, connects the Drop with. the 
Water ADE E. being wanting, it immediately falls for Want 


of a Support. Whereas the — Phænomenon equally ſuc-⸗ 


ceeds i ind acuo; which ſhews that the Parts of the Fluid in the 
Veſſel are connected with each other, and with that in the Ca, 

by their own mutual Attraction of r thers 
Wh WRT elſe Dot rar 24 297 can be N 5 


4 
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legs, exceeds BF: and HI added together, 2 
otherwiſe not. 


For the Column AB ig a Ovoittorpciſe to 


BD, being of the ſame a Height; 
Weight of the Co- 
lumn CD which determines the Fluid to move; 
unleſs that Wei ight therefore exceeds the Force 
of the attractin "g Periphery at A, (which the 
1 


and therefore it is only 


Fluid A B muſt leave in rifing up the Tube) 


and alſo what may be ſupported by the End 
C., that is (ex Hypoh.) two Columns whoſe. 
| Heights are F E and H I, it cannot run out at 


O; otherwiſe: it will, as being deſtitute. of a | 
ſufficient Support. © | 
X. If the End A is immerged in Water, wind | 


| the other not, (ſuppoſing the Tube full as be- 
1 fore) it will run out at C, though CD, the 
Difference of the Legs, only exceeds HI. For 


then the Attraction at A ceaſes, and there is 
nothing to ſupport the Column CD, but the 


| Per Aae the End C has to proveli Drops 


from falling off from it. | 
XI. Again, if the End C is immerged in 


Water (and the other not) it will run out at 


© if CD exceeds EF, otherwiſe * 
For in this Caſe, there is nothing to ſupport 
*the Column C but the attracting Periphery 


dat A, whoſe Power is ſuppoſed able to raiſe a DE 


Column as EP, and no more, 
XII. And if both Ends are imcherſeg (che 


Tube being ſuppoſed full as hich the Water 
will run out at the lower, whic 


ever it is. 


For 


- Diflert./ I. .. Of Capillary ww 7 16 


For then the Attraction of both Ends ceaſes; 
and the longer Column over- balancing the 


ſhorter, the Fluid is determined' thereby N run 


out at the lower End. 


XIII. If either of the Tubes (Fig. 23 or 24. ) 


are ſmall enough to raiſe the Water from A to 


B, and if the Orifice, A is immerged, the Fluid 
will riſe to B, paſſing on to C, where it will 


run out or be ſuſpended, according to the'fore- 
N going Caſes: But if the Periphery at G (Fig. 


25.) is ſuch as would —— a, Column of 
the Length of AM only; and if the Tube be 


filled from A to G (the Extremity A being ſtill 
immerged as before) the Liquor will 


no farther, but remain in the ofition i in which ; 


it is put. 


For that Fluid which has palſed B, aflits by 


its Wei ght the attracting Periphery, in raiſing 
the —— AB, and therefore it runs down to 


Periphery there is not able to ſupport more than 
AM, the Difference of the Legs AB and BG, 

the Fluid muſt neceſſarily ſtand there; ſince 
BG is no more than a Counterpoiſe to MB, and 


AM is ſuppoſed to be as much as the Periphery 
at G can ſuſtain.- 


XIV. Tho' a Capillary Tube be ſhorter than 
the Height to which its attracting Periphery is 


Length) to raiſe Water -as high as C; yet 
* the F is immerged, the Fluid will. 


. not 


„ 
* 


C. But if, When the Tube is filled to G, the 


able to raiſe a Fluid, v. g. tho the Tube a8 | 
(Fig. 26.) be ſmall enough (Was i it of ſufficient MW 
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| Tabe, as may eaſily be in 
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not run out at B, but '6nly'be Juſpended at 


that Height. eile 
For When he! Fluid 1s rife as high as B. 
it has then no more Periphery above it, to at. 
tract it any farther; and if it was forced up a 
little above the End, 'F it would be artraQted back 
Nee yat Þ 49% COS LIE] up N 
XV. pod Aſcent of different Fluids i in the 
ſame Tube is various. Muſſcbinbroek has found. 
that in a Tube in which Water will riſe to 
the Height of twenty- ſix Lines, Oil of Worm 
_ wood will riſe but eighteen or nineteen, where 
as Urine will riſe ee or chirty- our. 


5 7 we he the abſurdity of ſuppoſi that a Fluid may | 
be made continually to flow from a lower Place: to an higher by 


7 a Capillary Tube, as ſuch; for whether the Tube be of ſu 


Forms, as is r eſented, F; 23, 24, 25, 0r[26, the Fluid will 
alway: s ſtop when it comes. 4 = Wks 2h * becauſe the At- 
1 * is then in a Direction contrary its Motion; and the 
Meight of the whole Fluid, if the Tube 00 ſtrait, or of ſo much 
As 18 contained i in DC, the gy 0 che Le Legs, af it be, | 
. Exooked, is likewife an Lett . 5 | 

_ ,, Hence alſo the Abſurdity of ſu a Fluid to cireulate by 
bo of a Capillary Tube, as +5 or ſuppoſe the Ends of 
the Capillary Tube joined together, ſo that the e Tube ſhall re- 
turn into itſelf; if the Tube — not full of Liquor, the Li — 
will place itſelf as near as Res to the: ſ | Part o 

e 


F. 6. and will. reſt there:- If 'it be full, -in which Caſe the Ex- 


. tremities of the Fluid join, then dens is no Periphery or Zone | 


of Particles lying Part out of the Fluid, and Part in it, and con- 
ſequently all Ground or Cauſe of Motion, ſo far as it ariſes 
from the Tube, being capillary, is entirely taker away. And 


it Part of the Tube be capillary, and Part not, the Caſe is ſtill 


the ſame. How ridiculous then is it to affirm, as ſome have 


done, that the Circulation of the Animal Fluids is pro- 
r 9 the e Fer wor Fe lows: being of chat 


* 
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The Reaſon of which is, becauſe ſome Fluids | 
are attracted more ſtrongly by Glaſs than others 
are. Mercury exhibits Phænomena juſt the 
Reverſe of the former; for if the End of a 
Capillary Tube be immerſed helow the Surface 
of that Fluid, it will not riſe in the Tube to a 
Level with that on the Outſide. This is be- 
cauſe the Particles of Mercury attract each 
- other more forcibly than they are attracted b 
JJ; ried: 1-44 
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+ . bc oo Diſſert. Philoſoph. Tranſ. No 366. 
According to Maſſebenbrost, the Length of the upper Part of 
a Tube, which is above the Height to which it is able to raiſe 
a Fluid, conduces ſomething towards the raiſing it; and there- 
fore in à longer Tube a Fluid riſes higher than in one of the 55 
ſame Dimenſions that is ſhorter; and if a Tube, with ſo much 
Fluid contained in it as it is able to raiſe, be laid in an Hori- 74 
Zontal Situation, the Fluid will run to the Middle of it. But 
of this I have had no Experience: *Tis poſlible that ingenious _ 
Profeſſor,” tho” very accurate in making. Experiments, might 
herein be deceived. He acknowledges (Experiment the Fif-. 
teenth) that it ſometimes happens otherwiſe, oo __ 
, - 4 \ kw 6 das we - + pw — 
Other Authors, beſides thoſe already referred to, that have 5 
treated on this Subject, are, Boy/e Exper. Phyſ. Mech. * 
Sturmius Colleg. Cur. Tentam. 8. Bernoulli Gravit. ch. 20% of 
Microg. Obſer. 6, Leeawvenhoek Continuat, Arcan, Nat. Epiſt. 
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piss RR TAT 10x m. 


A the Origin of Buben. | 


ANY have been the Conjethuren . 
Philoſophers concerning the Origin of 
| Rais ; and great Pains have been taken 
both by the Members of the Royal Society, 
and thoſe of the Academy of Sciences at Paris, 
in order to aſcertain the true Cauſe of it. It 
was AR1STOTLE's Opinion, and held by moſt 
of the antient Philoſophers after him, that the 
Air contained in the Caverns of the Earth, 
being condenſed by Cold near its Surface, was 
thereb y changed into Water; and that it made 
its Way through, where it could find a Paſſage, 
But we have no Experience of any ſuch TW. 


mutation of Air i into Water. 


Thoſe who imagine that Fountains owe 
their Origin to Waters brought from the Sea 


. by ſubterraneous Ducts, give a tolerable Ace 


count how they loſe their Saltneſs by Pereo- 
lation, as they paſs through the Earth; but 
find great Difficulty in explaining by what 
Power the Water riſes above the Level of the 

Sea, to near the Tops of Mountains, where. 
Springs generally abound; it being contrary 
40 the Laws of e, that a Fluid ſhould 


riſfe 
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riſe in a Tube above the Leyel of its Source. 
However, they have found two Ways, where= 
by wy endeavour to extricate themſelves. 

from this Difficulty. The one is that of 
DES .CARTEs,. who imagines, that after 
the Water is become freſh by Percolation, 

it is raiſed out of the Caverns of the Earth, 

in Vapour towards its ſurface ; Where meet- 
ing with Rocks near the Tops of Moun- 
\, tains, in the Form of Arches or Vaults, it 
ſticks to them, and runs down their Sides 
(like Water in an Alembic) till it meets 
with proper Receptacles, from which it ſup- 
plies the Fountains, Now this is a mere 
 " Hypotheſis, without Foundation or Probabi- 
8 lity for, in the firſt Place, we know of no 
internal Heat of the Earth to cauſe ſuch 
an Evaporation; or if that were allowed, yet 
_ *tis quite incredible that there ſhould be an 
Caverns ſo ſmooth, and void of Protube- 
rances, as to anſwer the Ends of an Alembic, 
in collecting and condenſing. the Vapours to- 
gether, in every Place where Fountains ariſe. 
There are others (as VARENIUs, &c.) Who 
ſuppoſe that the Water may riſe through the 
Pores of the Earth, as through Capillary 
1 Tobey by Attraction; but hereby they ſhew,. 


that they are quite unacquainted with what 


. 


relates to the Motion of a Fluid through ſuch 
Tubes. For when a Capillary Tube opens in- 

to a Cavity at its upper End, or grows * 
„„ 8 e 


4 


— 


a 
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and he er; ſo as to ceaſe to be Capillary at that 
End; the Water will not afcend through that 
Tube. 1 = the Cavity, or beyond where the 


Tube is Capillary; becauſe that Part of the Pe- 


riphery of the Cavity, which is partly aboye tbe 
| Bakr of the Water, and partly below it, is 
not of the Capillary Kind. Nay, if the Ca- 
vity is continually ſupplied with Water, it will. 
be attrãcted into the Capillary Tube, and run 
down it, as through a Funnel, if the lower End 


"> immerged i in the fame Fluid, a8 in this Caſe 


it is ſu ppoſed to be *. . 
It has been a generally lira | Opinion 
and much eſpouſed by Ma&810TTsE (a diligent 


| . - Obſerver of Nature) that the Rife of Springs 


is owing to the Rains and melted Snow. Ac- 
cording to him, the Rain Water, which falls 
upon the Hills and Mountains, penetrating the. 
| Surface,” meets with Clay or Rotks"contiguqus 
to each other, along which it runs, without 
being able to penetrate them, till, being got to 
the Bottom of the Mountain, or to a confider- 
able Diſtance from the Top, it breaks out of 
the Ground, and forms Springs. 
In order to examine this Opinion, Mr. 
PERRAUTT, De LA Hire, and D. StD 
rav, endèeavoured to make an Eſtimate of 
the W of Rain and Snow that falls i in 


57 3.528 See the foregoing Differtion, Soft, * 
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the Space of a Vear, to ſee whether it would 


be ſufficient to afford a Quantity of Water 


ce equal to that which is annually diſcharged Gs 
the Sea by the Rivers. The Reſult of whoſe 


Inquiries was, that the Quantity of Rain and 


Snow which fell in a Vear into a Cylindrica!l 


Veſſel, would fill it (if fecured from eyaporat ; 
ing) to the Height of about nineteen Inches. 


Which Quantity D. S1DELE AU ſhewed, was : 
not ſufficient to ſupply the Rivers; for that thoſe 


of England, Ireland, and Spain, diſcharge a 


greater Quantity of Water annually, than the 


Rain, according to that Experiment, is able to 


ſupply. Beſides which, another Obſervation 
was made by them at the ſame Time, iz. 
that the Quantity of Water raiſed in Vapour, . 
one Year with another, amounted to about 


thirty-two Inches, which is thirteen more 
than falls in Rain: A plain Indication, that the 
Water of Fountains is not applied by Raine 
and melted no-. 

Plus the true Cauſe of the Origin of Ne- 
| Mins remained undiſcovered, till Dr. HALLEY, 


in making his Celeſtial Oſervations upon the 7 
br: of the Mountains at St. Helena, about 


t hundred Yards above the Level of the 


Sea, found that the Quantity of Vapour Which 


fell there (even when the Sky was clear) was 


ie, 


# ; 


+ Menpin of the kenn A Sciences for the Year 
f fo 2 
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ſo great that it very much impeded his Obſer⸗ 
vations, by covering his Glaſſes with Water 
every Half quarter of an Hour; and upon that. 


attempted to determine, by Experiment, the 


Quantity of Vapour exhaled from the Surface 
; as far as it riſes from Heat; in or- 


der to try, whether that might be a ſufficient 
Supply for the Water continually diſcharged by 


ame Degree of Heat, 
that of the Air in our hotteſt Summer; this 


Fountains. The Proceſs of his Experiment was 


as follows: he took a Veſſel of Water ſalted to 
the ſame Degree with that of Sea - Water, in 
which he placed a Thermometer; and by Means 
of 2 Pan of Coals, brought the Water to the 

which | is obſerved to be 


done, he affixed the Veſſel of Water, with the 
Thermometer in it, to one End of à Pair of 


Scales, and exactly counterpoiſed it with Weights 


on the other: Then, at the End of two Hours, 


be found by the Alteration made in the Weight 
of the Veſſel, that about a ſixtieth Part of an 


Inch of the Depth of the Water was gone off 
in Vapour; and therefore, in twelve Hours, one 


ſtenth of an Inch would have gone off, Now 
this accurate Obſerver allows the Mediter- 


ranean Sea to be forty, Degrees long, and four 


broad; (the broader Parts compenſating for 
the narrower; ſo that its, whole Surface is one 


hundred and fixty ſquare Degrees ;) which, ac- 
cording to the Experiment, muſt yield at leaſt. 
_— Gouland two, W and eighty r 


* 
— 
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of Tuns of Water. In which Account, no 


| Regard is had to the Wind, and the Avicarled | 
of the Surface of the Sea; both which us 


doubtedly promote the Evaporation, 


It remained now, to compare this Ge ets 
"of Water with that which is daily m=—_ ed 


into the fame Sea by the Rivers. on 
wi 


Way to do which was, to Gompare- 5 — 
ſome known River; and accordingly he takes 
his Computation from the River Thames, and, 


to avoid all Objection, makes Allowances; 


probably greater than what were wine, | 


neceſſa 
The Aare receives the followin g 


confiderable-Rivers, viz. the Berus, the Rhone, pate 


the Tyber, the Po, the Danube, the Neifter, 


the Boryſtbenes, the Tanais, and the Nile, | 
Each of theſe he ſuppoſes to bring down ten 


Times as much Water as the Thames ; whereby 


he allows for ſmaller Rivers, which fall into 


the ſame Sea. The' Thames theti he finds by 


Menſuration to 270 about 20, 300, oo 
Tuns of Water a Day. If therefore the above- 
ſaid nine Rivers yield ten Times as much Wa- 


ter as the Thames doth, it will follow, that all 


of them together yield but 1827 Millions of 
Tuns in a Day; which is but little more than 
One- third of what is proved to be raiſed in 


Vapour out of the Mediterranean in the ſame 


Time. We have therefore from hence a Source 


abundantly ſufficient for the Supply of Foun- 
ins.” - 


Now, 


Af 


— 
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Now, -having found chat the Vapour exhaled | 


rej the Sea, is a ſufficient Supply for the 
Fountains; he proceeds, in the next Place, to 
_ conſider the Manner in which they are raiſed, 
and how they are condenſed into Water again, 
and conveyed to the Sources of Springs. 


In order to this he conſiders, that, if an 


Atom of Water Was expanded into a Shell, 
or Bubble, ſo as to be ten Times as big in 
Diameter as when it was N that Atom 
would become ſpecifically lighter than Air; 
and therefore would riſe ſo long as the Warmth 
which firſt ſeparated it from the Surface of 


the Water, ſhould continue to diſtend it to 


the ſame Degree; and conſequently, that Va- 


pours may be raiſed from the Surface of the 


Sea in 0 Manner , till they arrive at a cer- 


tain Height in the Atmoſphere, at which they 


find the Air of equal ſpecific Gravity with 
__ themſelves. Here they will float, till being 
condenſed by Cold, they -become- ſpecifically 
heavier than the Air, and fall down in Dew, 


or being driven by the Winds againſt the Sides 


of Mountains (many of which far ſurpaſs 


the uſual Height to which the Vapours' would 


of themſelves aſcend) are compelled by the 
Stream of the Air to mount up with it 
t the Tops of them; where, being condenſ- 
| ed into Water, they preſently N and 


+1 See this confured'in Diſtertation 6. 5 
| deen ä 


* 
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gleeting down by the Crannies of the Stone, 
Part of them enters into the Caverns of the 


Hills; which being once filled, all the Over- 


plus of Water that comes thither, runs over 
by the loweſt Place, and breaking out by the 


Sides of the Hills, forms ſingle 8 N Many 
of theſe running down by the Vallies between 
the Ridges of the Hills, and coming to unite, 

form little Rivulets or Brooks: Many of theſe 
again meeting in one common Valley, and 
gaining the plain Ground, being grown leſs 
' rapid, become a River; and many of theſe 
being united in one common Channel, make 
ſuch Streams as the Rhine and the Danube; 


Which latter, he obſerves, one would hardly 


* 


think to be a Collection of Water condenſed 


out of Vapour, unleſs we conſider how vaſt a | 


Tract of Ground that River drains, and that 


it is the Sum of all thoſe Springs which 
break out on the South Side of the Carpa- 


: tbiun Mountains, and off. the North Side of 


the immenſe Ridge of the Alps; which is one 


continued Chain of Mountains from Swwitæer- 
ä land to the Black Sea. - 


Thus one Part of the Vapours, which are 


blown on to the Land, is returned by the Ri- 


vers into the Sea, from whence it came; ano- 
ther Part falls into the Sea before it reaches 
the Land; and this is the Reaſon why the 
Rivers do not return” ſo much Water into 


the Mediterranean as is raiſed in Vapour. 


4 A A third Part falls on the EY and is 


the 


# 
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the Pabulum of Plants, where it yet does not 
reſt ; but is again exhaled in Vapour, by the 
Action of the Sun, and is either carried by the 
Winds to the Sea, to fall in Rain or Dew there, 

or elſe to the Mountains, to become the Sources 
| of Springs. 

However, it is not to be fappoſed that alt 
Fountains are owing to one and the fame Cauſe ; 
but that ſome proceed from Rain and melted 
Snow, which ſubſiding through the Surface of 
the Earth, makes its Way into cettain Cavities, 
and thence ifſues out in the Form of Springs; ;, 
becauſe the Waters of ſeveral are found''to in- 

_ creaſe and diminiſh in Proportion to the Rain 


Which falls: That others again, eſpecially ſuch 


as are ſalt, and ſpring near the Sea-ſhote, owe | 
their Origin to Sea-Water percolated through 


"24 the Earth; and ſome to both theſe Cauſes : 


Though without doubt moſt of them, and eſ- 
pecially ſuch as ſpring near the Tops of high 
Mountains, receive their Waters from Vapours, 
as before explained“. 


There is a certain Species of Sprin whick ebb and flow 
alternately, and ſome that ceaſe to flow for a Time, which from. 
thence are'called reciprocating or intermittin 128 Their Re- 
| ciprocations may be accounted for in the following Manner. 
Let ABC (Fig. 27.) repreſent one Side of an Hill, in which - 
there is a Cavity BE, an from this a ſub terraneous DuR IKL., 
Now as this Cavity fills wank Water upp from Vapours perco- 
lating through the Surface of the or in any other Manner 
whatever) its Surface will riſe in the Duct as it does in the Ca- 
vity, till it arrives at M, the Level with the upper Part of the 
Dua - at which Time it will run over at K, Illing KLA the 
other Part of the Duct. Now if the perpendicular Height of 
the Point K above L (or rather above A) be greater than its SI 
pendi 


— 
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dicular Height above I, the Column KLA will 
the Column KI, and fo cauſe the Water to run out at A, Try its 
Surface in the Cavity finks as far as I ided the Duc is 
large enough to convey the Water away than it enters the 
Cavity) at which Time the Fountain kt A will ceaſe to play, 


till 2 Surface of the Water in the Cavity riſes twM, ane 


runs over at K as before. 0 is once Full Water con- | 
tinues running (when the Duct is once full) till its Surface 

finks to I, is becauſe the Air preſſin n againk it as it runs out at 
A, and alſo upon its Surface in the Cavity, keeps the DuR full, 


as Jong as the Water in the ere. hugh enough to feed its 
Orifice at I. 
, TranſaR, No. 119, 
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TN egg ef, che Properties bf "the Air 
1 (Chap. III.) I have already taken Notice 
of the Conſtruction of the common Barome- 
ter . and | proved, that : the Aſcent and Suſ- 
| PE of the Mercury therein, is owing. to 
the Preſſure * of the Ait. I proceed now to a 
more particular Inquiry into the Original, and 
Uſe of this Inftrument ; and the different 
Forms under which it has appeared, ſince the 
To ſay the Aſcent and Suſpenſion of the Mercury is owing _ 
to the Preſſure and Elafticity ofthe Air, as is commonly done, is 
- Inaccurate, The Variation, indeed, in the Height of the Mer- 
cury, may be aſcribed to the Elaſticity of the Air, but no other- 
ie, than as to its remote Capſe; wiz. as it occaſions an Altera- 
ion in the Quantity of Air, impending over the Place whers 
e Variation happens; which alters its Weight, and fo the 
ereury is proportionally raiſed or depreſſed. To illuſtrate. 
this, let it be ſuppoſed, that the Air is every where in Aquilibrio 
uite round the Globe, and at perfect Reſt ; and then, that its 
laſticity, in ſome one Place near the Surface of the Earth, is 
+ augmented by the Heat of the Sun, all the reſt of it remaining 
as before. The Conſequence of this will be, that the ſuperior | 
Partof the Atmoſphere, over this Place, will be taiſed higher by 
the Expanſion of the inferior Air; and therefore, being uncon- 
'fined, will ſpread itſelf every Way gver- the neighbouring 
Columns, which we ſuppoſe to retain their former State. The 
Quantity of Matter therefore in thoſe Columns of Air, in whoſe 
lower Parts its n rig will be diminiſhed, . 
FE * M 2 9 | t 
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oft 


conſiders the Structure of che Pump For all che Water, 2 * 


* 


Fart II. 


In the Beginning of the laſt Century it was 


the Univerſe was full of Matter; and that Na- 


ture (as they expreſſed it) abhorred a Vacu- 
N eee 
Fluid was ſucked up à Pipe with a ſufficient 
Force, it would riſe to any Height whatever; 


ingly they imagined, that if a 


ſince Nature would not ſuffer any Part of. the 


Pipe to be empty. Gallo, | who flouriſh 


ed about that Time, found, upon Trial, that 
the common Pump would not raiſe Water, 


| unleſs the Sucker reached within three and 
thirty Feet of its Surface in the Well +: From 


© © * hence 


that of the neighbouring ones aug A Barometer 


therefore placed in thoſe Regions, where the Air was rarefied, + 


will ſubſide; while one in the neighbouring Countries will af. 
cend; and they will continue at different Heights, till the den- 


ſer Air, ruſhing in upon the rarefied, reſtores the Zquilibrium. 
Thus we ſee the Variation of the Air's Elaſticity is not the 
immediate Cauſe of the Variation in the Barometer; it firk af- 
fects the Weight of the Air, by altering the Quantity incum- 
bent over any Place, and that affects the Barometer. But, if 
we may have Recourſe to remote Cauſes, we may, if we pleaſc 
* Step farther; and ſay, the Aſcent and InP on of 
e Mercury is owing to the Heat of the Sun; for, by the 


- foregoing Inſtance, a Variation in the Heat of the Sun may 
| ſometimes be the Occaſion of a Variation in the Height of the 


Teury. | te; 
Neither is the Suſpenſion of the Mercury, in a Tube, that is 
kept within Doors, to be aſcribed to the Elaſticity of the any for . 


_ thatexertsno Force, but as the internal Air is preſſed by the exter- | 


nal, which endeavours. to get in, where- ever it can find a Way. 


lt is a common Notion, that a ſucking Pump will notraiſe 
Pater above thirty-three Feet, whereas it will raiſe it to any | 


3 whatever, if the Sucker reaches within thirty-three Feet 
e Surface of the Water; as will be evident to any one that 


Philoſophers, that 


— 
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hence he judicivully inferred, that z Column 
of Water thirty-three Feet high was a Coun- 
terpoiſe to a Column of apa Baſe, 
whoſe Height extended to the Top of the At- 
moſphere; and that, for this Reaſon, the Wa- 
ter would not follow the Sucker any farther. 
 Torricelli, obſerving this, taok the Hint; and 
confidered, that, if. a Column of Water of 
about thirty-three Feet was equal in Weight 
to a Column of Air of the ſame Baſe; a 
| has on | ve in the Sucker, is f. 
e 
down it, together with the Water between that and another 
placed in the Pump below, is ings 6 by that other ; ſo that ; 
the Height of the Water above the Sucker can be no Impedi- 1 
ment to the riſing of the Water below the Sucker, whatever  _ 
the Length of the Column, which it forms, may be. The 
ing * W — Water -  __ | 
den cut of Necefiity.. * e 


8 Perhaps it may be enquired here, how it comes to paſs, that 
the Column of Air, which preſſes upon the ſtagnant Mercbry in 
the Baſon, is always — * — to have an equal Baſe with the 
ſuſpended Column in the Tube; whereas, in ity, its Baſe is 
equal to the Surface of the ſtagnant Mercury? The Reaſon is, 
- that, as the Baſe of the Column of Air increaſes, in the ſame 
| CR the Velocity wherewith it deſcends, decreaſes, when 
it forces down the Surface of the Mercury in the Baſon ; con- 
ſequently its Moment, or Preſſure upon the Surface of the a. a 
nant Mercury (fo far as it telates to the ſuſpending of it in the - 
Tube) is no greater than it would have been, had its Baſe 
deen equal to that of the ſuſpended Column; and therefore, 
in conhdering it as ſuſpending a Flgid in a Tube, it is pro- 
perly enough ſaid to be a Column of ſuch a Baſe. 1 
Neither is this Suppoſition inconſiſtent with the ninth Pro- 
| 3 of the firſt Cha r, where it is demonſtrated, that the 
reſſure of a Fluid is in Proportion to its perpendicular Height. 
and the Quantity of Surface againſt which it preſſes.” For, as '* 
the Surface of the Mercury 8 6 
% | 3 f N 


1 ; 182 N 

| q twenty-pine Inches and a half, would be ſo too 

| ; | ſuch a Column. of Mercury, being as heavy, x AC; 

{| | thipty-tbree Feet of Water. Accordingly he 

| tried-the Experiment in a Glas Tube in the, Ml 
N Manner laid down, Chap. III. $. 4.) and 


| found it 40 ſuccerd 4, The Apparatus 
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the Column of Air reſts, ſo the Baſe of the Column of Air 
may be conſider'd as à Surface againſt which the Mercury 
pteſſes. Theſe two being equal, tis clear, that only the Relation 
of the Heights of the mn are to be conſidered, and not 
that of their Baſes, _ . CEOS. IR A Op 
t Notwithſtanding this clear Proof of the Preſſure of the At- 
moſphere, the Aſſertors of a Plenum would by no Means be 
prevailed upon to allow it to be ſuch; but tried all Ways to 
aecount for this Phænomenon from ſome other Cauſe. The moſt 
chimerical Solution, and which at the ſame Time gave the ad- 
verſe thy xo greateſt Difficulty to overthrow it, was that of 
Linus. He contended, that in the upper Part of the Tube there 
is a Film, or Rope of Mercury, extended thro*- the ſeeming - 
Vacuity, and that the reſt was ſuſpended by it, and kept from 
falling into the Baſon; and that this Film is able to ſupport 
abodt. twenty- nine Inches of Mercury. He confirms his - 
pet bels by the following Experiment : Take, ſays he, a ſmall 
- Tube, open at both Ends, ſuppoſe about twenty Inches long; 
fill this Tube with Mercury, ſtopping the lower Orifice. with 
your Thumb: Then cloſing the upper with your Finger, and 
immer ing che lower in ſtagnant | Tun 1 ſhall perceive, « ' 
upon the Removal of your Thumb, a manifeſt Suction of your» . 
Finger into the Tube; and the Tube and Mercury will boch 3 
Rick ſo cloſe to it, that you may carry them about the Room. 
Therefore, ſays he, the internal Cylinder of Mercury in the 
Tube is not held up by the prependerant Air without z. for if 


ſo, whence comes fo ſtrong a Suction, and fo firm an Adheſion. 
JJ / ( 
Or if you fill 3 Tube almoſt full of Mercury, leaving : 2 

a little Space of Air within, and then immerge it in the ſtag-.. ' 
nant Mercury, you will find, that, notwithſtanding its Surface 
is at ſome Diſtance from your Finger, there will be a conſider- 
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ike of it, as before. Pri binds bo a that the bin- | 
| ſupports the Mercury, by Means of the above-mentioned | 
Film, and that the Preſſure o the Atmoſphere is not concerned. | 
But when. it was found that the Mercury would not ſtand | — 
ſo high in the Tube, on the Top of a Mountain, as below, 
and would quite fall, when the circumambient Air was extract 
ed from it by the Pump, all Objections 3 ; and Linus's. 
- funicular Hyporbefis (as ĩt was called) though it ſeemed to folve 
all other Ame relating to the Ars. a of the Mercury,” 

was with Juſtice rejected. | 

Kircber, when this new Doctrine of a Facuum was firſt ad- 
vanced at ee contended, that the Authors of it were"eſta- 
bliſhing Principles not only repugnant to thoſe of Nature, but 

ſuch as would be prejudicial to e Orthodox Faith; as endea- 

vouring to evince by this ſubtle Experiment, that chere might, 

be in Nature /ocatum fine loco, accidentia Jubjeite; and and there- 

fore made the Experiment with Water in the followin Was 

ner. He cauſed a {mall Bell to be fixed in the u Part of | 
the Tube, i magining, that, if there ſhou be a Farm, the = 
Bell would not be made to ſound: But in making the Experi- 
ment, ſome Air got into the Tube, (for he tells us, that but ten : 
Feet of Water remained in the Tube, after it was inverted 7 n 
the Bell thereſqre was heard to ſound; and fo the Notion of a | 
Vatuum, till more accurate Experiments evinced the 2 ——4—1 ; 
nr with Contempt. LL ane 


1 


gens obſerved, that, if Tube, ſeventy-five tnghes oy long 
het with Mercury well purged of its Air, 
— of Mercury would remain ſuſpended ; whereas; at- 
cording to the Torricellian Ex 5 the Mercury wn xe o 
have ſablided to the Height of abodt twenty-nine Inches. 

The Cauſe of this Phenomena ſeems to be, that, by the great 
Weight of ſo lon vgs Column of Mercury, it was. preſſed into ſo 
cloſe Contact with the Glaſs in pouring in, that by the = 
8 of Coheſion between the Mercury and the Gla = 

my olumn was ſuſtaiped, after the Tube was inverte 
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- Mercury at different Times, 


2 n the . 
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Of the Barometer. Part II. 
. II. 5. 7.) renders it uſcful in determin- 


ing the Height 3 and finding out 
the different Elevation of one Place above ano- 


ther. Accordingly Dr. Haley has given us a 


rpoſe, in the Philoſophical 
Tranſactions, N* 18 1, ſhewing how many Feet 


each Inch in the Deſcent of the Mer an- 
ſwers to, as it is conveyed to the Top of a Moun- 
taiĩn, or other elevated Place. And Dr. Nertietan 
has done che like in the Philoſophical Ttanſac- 
tions, N* 388, ſhewing what Number of Feet 


anſwers to each tenth Part of an Inch, from 
thirty-· one Inches of Mercury. 

But the principle Uſe of it is, to eſtimate 
y of the Air at different Times, in 
ee the Alterations of the Wea- 


Order to 


ther, which are conſequent thereon. To this 


End, Dr. Halley, in the ſame Tranſaction, has 


alſo laid down the more remarkable PBæno- 


niena, relating to the different Heights of the 


together with the 
Solution of each; Which are ſo juſt, and ſo 


agreeable to true Philoſophy, 5 doubt not 


but the Reader will excuſe me for giving his 


Account in his own. Words, rather than to 


render it imperſect, br te; WY 


| on it. or abridge it. 


5 11 In calm Weather; tic th Air 16 0 * 


de 
: low. 
228 #2 


„ 2, In 75 
ey 4; 


| Diſſent! IV. o the Sada. oe 


2. In ſerene, good, and 8 
* che Mercury is generally high 
3. Upon very great n, thou 

be not accompanied with Rain, the heres 


% finks loweſt of all, with Relation to the 
« Point of the Compaſs the Wind blows upon. 
. Coteris paribus, the greateſt Heights 
of the Mercury are found _ caſterly and 


| <<: north- eaſterly Winds, 


z In calm froſty Weather, the Mereury | 


generally ſtands high. 


* 6. After very great Storms of Wind, 
« when the M 


Ns "ral riſes again very faſt. 
2 Tho mots northerly Plices have preater 


b ec of the Nerocketer, than the more 
4e © ſoutherly. 


ereury has = ag low, it Bene | 


* 


8. Within the Tropics, Far them, 


eg thoſe Accounts we have had from others, 

„ and my own Obſervations at St. Helena, 
6 make v 

* "290 ht "ay the Mercury in all Weathers. 

| ence I conceive that the principal Cauſe 

6) * the Riſe and Fall of the Mercury, is from 


the variable Winds, which are found in the 
* temperate Zone, and whoſe great Incon- 
Teber | 


ce ſtancy, here in Englang, is mo 
% A ſecond Cauſe is the uncertain Exhalation 
and Precipitation of the Vapours Jodging in 
the Air, whereby it comes to be at one Time 

"6p much more erouded than at another, and 


4 41 con- 


little or no Variation of the 


15 


0% ha p "Dat U. 8 


706, Fn heavier, but this CIR a great 
- + Meaſure depends upon the former. Naws 
e from theſe Principles, I ſhall endeavour to 
5 explicate the 3 Pbænomena of the Ba- | 
© + rometer, taking them in the lame. Order 4 
<<. Jaid them down. Thus 5 
4 oh #143 The, Mercury's. being low — — it 
to raing. becauſe, the Air being light, the 
1 Vapours are no longer ſupported thereby, 
- + being become e heayier than the 
1 ond wherein they floated, ſo that they 
, deſcend towards the Earth, and in their Fall, 
&. meeting with other aqueous Particles, they 
i incorporate together, and form little Drops 
„ of Rain; but the Mercury's being at one 
% Time lower than at another, is the Effect of 
two contrary Winds blowing from the Place 
where the Barometer ſtands; whereby the 
Air of that Place is carried both Ways 3 
it, and conſequently, the incumbent, Cylin- 
der of Air is diminiſhed, and accordingly the 
« Mercury ſinks: As for Inſtance, if in the 
« German Ocean it ſhould blow, a Gale f 
« eaſterly Wind, and at the ſame Time a 
weſterly Wind in the Iriſb Sea; or if in 
France it ſhould blow a ſoutherly Wind, 
FE: * and. in Scotland a northerly ; it muſt, be 
V  * oranted, that that Part of — Atmoſphere, 
d impendant over England, would thereby, be 
_— « exhauſted and CONN. and the Mercury 
5 wou n, We N which — 
446 Ore 
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« fore floated in thaſe Parts of the» Air f 
% equal 4 with themſelves, would fine 


ev to the Earth. Ein : HIRE N „int Ile Rp 
% 2. The greater Height of the Barometer 


Th is oeaſioned by two contrary Winds (blow-* 


s ing towards — Place of Obſervation, where 
«© by the Air of other Places is brought thither 


« and accumulated ; ſo that the ineumbent 


„ Cylinder of Ait, being increaſed both in 
Height and Weight, the Mercury preſſed 
1 thereby muſt: needs ſtand: high, as long as 


the Winds continue ſo to blow; and then 


« the Air being ſpecifically heavier, the Va- 
* are better kept ſuſpended, ſo that they 
have no Inclination to precipitate and fall 
«, down in Drops, which is the Reaſon of the 
« ſerene good Weather NR retcnds! the” 
a 8 Heights of the Mercury. 8 
The Mercury ſinks the loweſt of all dy"? 


ih "he very rapid Motion of the Air in Storms 
«© of Wind. For the Tract or Region of the” 


% Rarth's- Surface, wherein the Winds ra 


«© not extending all round the Globe, t K. 1 
<< . ſtagnant: Air which. is left. behind, as like- + 


«wiſe that on the Sides, cannot come in ſo 


«, faſt as to ſupply the Evacuation made by ſo 


e ſwift a Current, ſo that the Air muſt neceſ- ER 


« farily be attenuated,” when and where the 


« ſaid Winds continue to blow, and that more 
6 or leſs; according to their Violence: Add 


4 to FERC that the horizontal Motion of the 
« Air 


1 


'Þ 


. Of te 


Air being ſo q ade may, / AI Pro- | 
- <© bability, take off ſome Part of the perpendi- 
* cular Prefſure thereof; and the pgrea » "| | 
«tation of its Particles is the Reaſon why the 
nm... and do not condenſe 


apours are diſſipated, 
into Drops, fo as to form Rain, otherwiſe 
Ice natural e N of the Air's Nude | 
ET mgm He 
EDS Fas 4. The Mercury ſtands f the higheſt 
Us eaſterly and' north-eaſterly Wind, be- 
„ «© cauſe in the great Atlantic Occan, on this 
«; Side the thirty- fifth Degree of North Lati- 
tude, the Winds are almoſt always weſter- 
l or ſouth-weſterly; fo that, whenever 
4 here the Wind comes upꝰ at eaſt and north- 
* eaſt; tis ſure to be checked by a contrary 
M „ Gale as ſoon as it reaches the Ocean, where- 
fore, according to what is made out in our 
. ee een the Au muſt neods be heap- 


5 e ala Al Doctor 100 fo fat the finkiag of the Mer- 
cury che loweſt of all in violent Stor of Wind, n not ſuf- 
ficient. Perhaps it may be better acedunted fo thus; the Cauſe 
why the Winde blow at all, is in order to reſtore the _ 14 8 
bricks of the Atmoſphere, when loſt (as may be inferred | 
was was ſaid in the firſt Note of this, and will be more largely 
ined in the following Diſſe z) ittherefore alway aye. 

bl s towards that Point, where the Air is 2 rareſied an 
lghteſt. Now the Air, in its Progreſs to that Point, muſt 
* certainly moye faſter and faſter ; for the Cauſe, which gave it 
| Motion at firſt, continues to act upon it all the Way. Con- 
#0 tly, in whatever Place the Wind blows with great Ra- 

pi 155 that Place is at, or near the Point, where the Air is 


2 rarefied, and ligheſt; which is a ſuſfici F i 
M ercury 1's Ring low r that Place 14. 1 a e 


cc ed 


— 
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ed this Iſland, and conſequently the 
40 ay muſt ſtand high, as often as theſe 
„Winds blow. | This holds-true in this Coun- 


try, but is not a general Rule for others, 


« where the Winds are under different Cir- - 
. cumſtances; and I have ſometimes ſeen the 
> Fun here as low as twenty- nine Inches 
, upon an eaſterly Wind, but then it ble ex- 
TT and ſo comes to be accounted 
« for, by what was obſerved * the third 
rent calm foally: Weather abe Mercury 
n calm eather the | 
3 high, becauſe (as I con- 
4 ceive) it ſeldom * — but when the Winds 
_ «© come out of the northern, and north-eaſtern 
« Quarters; or, at leaſt, unleſs thoſe Winds 
% blow at no great Diſtance off: For the 
«north Parts of. 1 Denmark, de- 
«« den, 'Norway, and all chat Tract from 
die whence north-eaſtern Winds come, are 
« ſubje& to. almoſt continual Froſt all the 
„% Winter; and thereby the lower Air is very 
t much condenſed, and in that State is brought 
«© hitherwards by thoſe Winds, and being ac- 
<.cumulated by the Oppoſition of the weſter- 
« ly Wind blowing in the Ocean, the Mer- 


duty muſt needs be preſſed to a more than 


1% rdinaty Height; and, as a concurring 
© Cauſe, the ſhrinking of the lower Parts of 
66 de Air into lefler — by Cold, muſt 


« needs 


ys. "pri hace. ; CY 


A needs eauſe à Deſcent of the upper Parts of | 
„ ia Antioſphens, to reduce" the Cavity made 
by this Contraction to an . lbs n. 8 
s. After great Storms, when the Mer- 
duty has been very low, it generally riſes 
again very faſt: I once obſerved it to tiſe 
one Inch and a half in leſs than ſix Hours, 
ne long continued Storm of ſouth-weſt 
e Wind. The Reaſon is, becauſe the Air be- 
ing very much rarefied, by the great Eva- 
cuations which ſuch continued Storms make 
mne che neighbouring Air runs in the 
4 more er, e to bring it to an AÆguilibri- 
umz as we ſee Water runs the faſter for 
ex a greater Declivity. 10, zu kran 
4%. The Variations are greater in the more 
5 * northerly Places, as at Stockholm, greater 
1 than that at Paris (compar'd by M. P/. 
J bal becauſe the ens, et \.TY 
bhave uſually greater Storms of Wind than 
3 ** the more Dinberty, whereby the DEEP 
2 N ſhould ſink lower in that Extream ; yrs 
| then the northerly Winds bringin the more 
| 


- * denſe: and ponderous Air from t Neigh- 
% bourhood of the Pole, and that again being 
checked by a-ſoutherly Wind at no great 
Diſtance, and ſo heaped, muſt of Neceſſity 


<<; make the Mercury in ſuch _ Raye —_ 
Vin the other Extream. 5 


ay «8, Laſtly, 


: 


— 
. 
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g. Laſtly, this Remark, That there is lite 
«tle or no Variation near the  Equin oftial, p 
«© does above all others confirm — Hypot be- 
i of the variable Winds being the Cue ok 
« theſe Variations of the Height of the Mer- 
« cury;” for, in the Places above-named, there 
« js always an eafy Gale of Wind blowing 
« nearly upon the ſame Point, vix. caſt-north- 
« eaſt at Barbadoes, and caſt-ſouth-eaft at St, 
4 Helena, ſo that, there being no contraty 
« Currents of Air to exhauſt or accumulate 
« it, the Atmoſphere: continues much in the 
e ſame State: However, upon Hurricanes (the 


« molt violent of Storms) the Mercury has been : 
« obſerved very low, but this is but once in 


«two or three Years, and it ſoon bal Its 
« ſertied State, about 29 | Inches. R 


\ 563 0069 4d 


Mronfedr Leibilitz accounted us the De- . 


| Fey of the Mercury before Rain, upon ano- 


ther Principle , viz. as a Body | ifically 
lighter than a Fluid, while it is ſuſpended by 
it, adds more Weight to that Fluid, than 
when, by being reduced in its Bulk, it be- 
comes ſpecifically heayier,' and deſcends; fo 
the Vapour, after it is reduced into the Form 
of Clouds, and deſcends, adds leſs Weight to 

the Air than before; and therefore the Mers 


e the Cauſe of this alignedin th following Diſſertation. 
ons GPA: 25 e 82 
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4 | Fa 8 a 
Th falls. To which it is anſwered, 1f, 


hat, when a Body deſcends in a Fluid, its Mo- 
tion, in a very little Time, becomes uniform, 
a (or. nearly ſo) a farther Acceleration of it be- 
ing prevented by the Reſiſtance of the Fluid 
and then by the third Law of Nature, it preſſes 
the Fluid downwards, with a Force equal 
to that whereby it tends to be farther accele- 
rated, that is, with a Force equal to its whole 
Weight. 24, The Mercury, by its Deſcent, 
' foretels. Rain a much longer Time before it 
comes, than the Vapour, after it is condenſed 
into Clouds, can be ſuppoſed to take up in 


falling. 34, Suppoling that as man) Va- 
l in Rain, during the Space of a 


23] whole Year, were at once to be.condenſed 


into Clouds, and even quite ceaſe to gravitate | 
upon the Air, its Gravity would ſcarce be di- 


miniſhed thereby, ſo much as is equivalent 


ds the Deſcent of two Inches of Mercury in 
the Barometer. Farther, in many Places be- 
tween the Tropics, the Rains fall at certain 


Beaſons, in very great Quantities *, and yet the 


Barometer ſhews there very little or no Altera» 
tion in the Weight of the Air. 88 
The following are Mr. Patrick's Obſerva- 
tions on the riſing and falling of the Mercury. 


4 = „ het 
9 . 3 v , i * 
* * 4 9 — — 1 
; 7 
x 4 * * 4 
» 4 „* * * 8 
4 | 1 3 8 
; r 
| 


' 


Differt:IV. of tha er [ 193 . 
for on the 1 Principles vith thoſe of * 55 


Haller. 


Fx. The riſing of the Mercury + in 
te general fair Weather; and its falling, foul 


„ Weather; as Rain, _ high Winds and 


„Storms. 
* 2. In very hot Weather, the falling of 


; « Mons Mercury foreſhews T hunder. 


« 3. In Winter the riſing preſages Proſt; 


* and. in froſty Weather, if the Mercury falls TY 


« three or four Diviſions, there will. certain 
6e follow a Thaw. But in a continued 


<« Froſt, if the W riſes, it will certainly 
7 . 


4. When foul Weather 1 ſoon after 


« 8 falling of the Mercury, expect but little 


* of it. And, on the contraty, expect but 


'« little fair Weather, when it proves fair 


6 ſhortly after the Mercury has riſen, 


«,c, In foul Weather, when the Mercury 
« riſes much and high, and fo continues for 
f* two or three Days before the foul Weather 


is quite over, then expect a Continuance of 


6 1 Weather to follow. 


* 6. In fair Weather, when the Mercury 
- Falls much and low, and thus continues for 
te two or three Days before the Rain comes, 
e then expect a great deal of Wet, and proba- 
te bly high Winds, 


12 I, 3 N ERAS th 2146 7. The 
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4 . The unſettled Motion of the Mercury 
«x desc uncertain and changeable Weather. 
4 8. You are not ſo ſtrictly to obſerve the 
Words engraved on the Plates (though, for 
the moſt Part, it will agree with them) as 
the Mercury's Rifing and Falling: For if 
* jt ſtands at Much Rain, and then riſes up 
< to Changeable, it preſages fait Weather, al- 


5 46 though not to continue ſo long, as it would 


© have done, if the Mercury were higher: 
And fo on the contrary, if the Mercury 

4 ſtood at Fair, and falls to Changeable, it 
<< preſages foul Weather; though not * much 

40 of i it, as if 1 it had ſunk down lower.” oy 


From theſe „ee it appears, That 
it is not ſo much the Height of the Mercury 


in the Tube, that indicates the Weather, as the 


Motion of it up and down; wherefore in or- 
der to paſs a right Judgment of what Weather 


is to be expected, we ought to know, whe- 


ther the Mercury is actually Ring or Falling ; 
to which End the e Nit ge Rules | are Zap 
1285 ü 


5 Tf the duden af ihe Mercury is ; convex, 
ſtanding higher in the Middle of the Tube 
than at the Sides, it is n a he . 

the ane is then . 


= If the * 8 is concave, or hollow i in ' 
4 che Middle, 3 And, 5 
3. If 
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3. If it is plain, the Mercury is ſtationary, 


odr rather, if it is a little convex; for Mercury 


dd by Glaſs. Further, 


being put into a Glaſs Tube, eſpecially a ſmall 
one, will naturally have its Surface a little con- 
vex; becauſe the Particles of Mercury attract 
each other more forcibly than they are. attract- 
| FF. 9 13 500% of 
4. If the Glaſs is ſmall, ſhake the Tube; 
and if the Air is growing heavier, the Mercury 
will rife about half the tenth of an Inch higher, 
than it ſtood before; if it is growing lighter, '. 
it will fink as much. This proceeds from the 
Mercury's ſticking to the Sides of the Tube, 
which prevents the free Motion of it, till it is 
diſengaged by the Shock. And therefore, when 
an Obſervation is to be made with ſuch a Tube, 
it ought always to be ſhaken firſt; for ſome- 
times the Mercury will not vary of its own 
Accord, till the Weather, it ought to have in- 
dicated, is preſent. F 


The Uſefulneſs of knowing whether the 
Mercury is actually riſing or Filing, and the 
Advantage that would ariſe from perceiving | 
the moſt minute Variations in eſtimating the 
Heights of Places, have given Occafion' to the 
Invention of ſeveral Kinds of Barometers differ- 
ent from the Torrice/lian, though founded on 
the ſame Principle; wherein the Scale of Vari- 
ation, which in that is not above three Inches, 
+0 EL * ſhould 


— r — IT; — » 
— — —— r — _— jp 


= Þ it is then faid to be bermeticaly ſeated, 


Eo of a Part * 
ſhould be cnſidetable larger. Of which I am 5 


' now. to give ſome Account. . 
I. The firſt is that of Des Cartes, which wit 4 
_ made in the Form expreſſed, (Fig. 28.) where 


AB is a Tube hermetically * ſealed at A, and 


having its lower Orifice immerged in ſtagnant 
Mercury EF, and filled with the fame ! 


luid 
to G, from thence to H with Water, and emp- 


ty from thence to the Top. Now, when the 

Mlercury riſes in this Tube, ſuppoſe from G to 

I., the Water will be raiſed in the ſmall Tube, 
perhaps from H to M, viz. as many Times 
| 8 as the Tube CA i is ſmaller than CD; - 


by which Means the Variations become much 


more ſenſible, than they are in the common 


Barometer. The Inconvenience of this was, 
that the Air, included in the Water, getting 


| looſe by Degrees, filled. the void Space at the 
Top, and fo ſpoiled the Machine. 


2. He then contrived it thus, ABC (Fig g. 29. * 


is a bent Tube hermetically ſealed at A, filled 
With Water from F to D (tinged with Aqua 


Regia to prevent its freezing) from D to E with 
Mercury, and empty from thence to the Top. 
8 upon the OY, 8 riſing, ſuppoſe favs f 


Be. A Tube i is ſaid to be be Sraatcelh ſealed, wh the End is 1 
cloſed, that nothin 


poſſibly evaporate through it. And, 
becauſe this is bell do rok eps when it is cloſed up with its own _ 


Subſtance ; or when its Bore does not reach e to the End 


— 


3 


ol = 
= 
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= 
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E to M. and falling as much at D, the Surface 
of the Water at F would fink ſo many Times 
' farther than the Surface of the Mercury at D, 


as the Tube C G was ſmaller than G H. The 


Water here is liable to evaporate, though that 


may, in ſome Meaſure, be prevented, by pour- 


ing a few Drops of Oil of Sweet Almonds 


upon it. Others have contrived, 


3. The Horizontal or Rectangular Barome- 
ter (Fig. 30.) hermetically ſealed at A, and 
filled ih Mercury from D to E; then, as the 


| r Surface of it riſes in the Tube; ſuppoſe 
4 E to F, the lower will be driven from D 


to G, as many Times farther, as this Part of 
the Tube is leſs than that at E. But it often 
happens, that ſome Parts of the Mercury break 
off from the reſt in the Leg BC, and are left 
is remedied in, 
4. The Diagonal Barometer A B C (Fig. 31.) 
wherein the Mercury, inſtead of riſing from B 


behind. This ea 


to D (ſuppoſe that Space to correſpond to the 


Scale of Variation 3 in a ſtrait Tube) will riſe” 
from B to A; for it will always ſtand at the 
ſame perpendicular Height, whatever be the 
Inclination of the Tube; becauſe Fluids preſs 


only according to their perpendicular Alti- 
. tade®. But A B the upper Part of the Tube 


muſt not be too much inclined, leſt the Mer- 


cury break i in it, 'as in the former. 
W's.” 
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| # Ty (Fig. 32.) is Dr. Rook's Wheel- 
| b ; wherein ABD is a Tube filled 
With Mercury from à to E; a is an Iron Ball, , 
0 ſwimming on the Surface of the Mercury ; ; this, [ 
as it ſubſides with the Surface of the Metcury, 
draus the little Wheel un round, to whoſe. 
Circumference it is. fixed. by. Means of the 
String ac*: This Wheel carries the Index 
PQ, which points to the graduated Edge of 
the Circle K L, and by its Motion ſhews the | 
moſt minute Variations of the Mercury. When 


the Ball 2 is raiſed by the Mercury on which 5 


it ſwims, the Index is drawn the contrary 


. other Side the Wheel. The Friction in this 

Machine, unleſs it be made with great Accu- 

racy indeed, renders it uſeleſs. 3 
6. The pendant Barometer is another Con- 


Cy trivance to-render the Variations more ſenſible. 


It conſiſts of a ſmall conical Tube, (repreſent- 
ed Fig. 33.) hermetically ſealed at A, and filled 
with Mercury from C to D, and empty from 
thence to A. Now, ſuppoſing the Gravity of 
the Air increaſed, it will raiſe the Mercury 
higher in the Tube, and fo force it into a nar - 


rower part; by which Means the Column be- 


coming longer, its perpendicular Preſſure upon 
the Air below will be proportionally 1 increaſed, 8 


The Tube is ſmaller at a has at E, that the greateſt Varia: 1 
| ha 27 be at that Surface of the 5 on which the Ball 


On 


Way Py a_ leſſer Ball 5,"which hangs. on the - 


> 23 2 . 4 
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On the contrary, when the Air becomes light- 
er, the Mercury deſcends into a larger Part of 
the Tube, and by that Means has Leng th 
of its Column 5 contracted. The 1575 
Inconvenience that attends this Barometer, is 
that the Tube muſt be very ſmall, otherwiſe 
the Mercury will fall out; or the Air will be 
apt to get into it, and divide the Column in 

ſeveral Places; and when the Tube is very + 
ſmall, the Friction of the Mercury againſt te 
Sides of it will hinder i it from riſing and * : 
ing freely. 

7. Dr. Hool, eie ig how unfit the com- 
| mon Barometer was to be uſed on board of a 
Ship, by Reaſon its Poſition ought to be ſteady, 
contrived the following one, called, from its 
Uſe, a Marine Barometer, confiftin g of two 


Paris, the one AB (Fig. 34.) the commenn 


Spirit Thermometer, the other CD, a Tube 
filled with Air from C to E, and from thence 
to the End D with tinged Water. This End is 

immerged in the fame Fluid contained in the 
Veſſel GE; and having its Surface expoſed to 
the Preflure of the external Air. Now, the laſt 


of theſe Machines will be affected both by the 


Warmth of the external Air, and alſo by pits 
Preſſure: The former dilating the Air includ-  -- 
eld in CE, and by that Means driving the Wa 
ter downwards ; ; the latter preſſing it up higher 
in the Tube: Whereas the other, viz. AB, is 

| 9 8 by the Warmth of the Air alone. Con- 

| NN. ſequently 


* | 
* 
* 


o/ 11. Reber. Part I 
„ were theſe Inſtruments graduated in 
ſuch a Manner, that, if the Gravity of the ex- 
ternal Air ſhould always. remain the ſame it 
waz when the Inſtruments were made, their 
Voafiations (then only depending on its Warmth) 
| AT 1 exactly correſpond with each other; 
at is, when the Sprit in the Tube AB 
td aſcend. to 1, the Water in CD ſhould - 
"a to 1, Sc. Then, whenever their Va- 
. 1 ſhould be obſerved to differ from each 
Ster, the Difference could only be aſcribed 
to { me Alteration in the Preſſure of the Air 
wp 5 ze Surface of the Water in the Veſſel 
In Proportion therefore as the Diffe- 
3 e * greater, or leſs, ſo is the Alteration in 
the Gravity of the Air, from what it was when 
the Iftrurgente wers adjuſted. For Inſtance, 
when the Water ſtands above: the Diviſion, 
which c ds to that, Which the Spirit 
points to 1 e 
cation, that the Preſſure of the Air is greater 
at hat 5 1 than when the ns dg i i 


7 


vs Mache is 1 a more we e = 
RT | ; common one, as not requirin : 
1 = dy Poſition ; but may have its Scale o 
|  Vanation conſiderably; enlarged, by making 
the Bore of the Tube 12 very ſmall, in 2. 
my ion to hs. ene of its Heal * . . 


uy - 
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ther Machine, it is an Indi- 


—— TIES FF TTTTSY; 


bes 


* , 
p © 
. 
* 
* — , 
% 
| % 
= * ; N 
% » - 
. 
3 \ : 
wn, 
%., 4 0 
# ; : . 
. &o N 4 
| | | 10 
8 
- 
: - 
2 : j : * F 
F 8 
* * 2 5 e ? . 
= 
= [ F 
- | © 
* 
= - f F 9 © ul 
| 7 
: - 1 % Fl # _ 
1 F 1 * 
- - # 
7 
4 — 
: 7 
% 4 * 
1 - 
. : 4 ' 
1 — * p 1 
— i, % 
- ' J 
9 - 4 : 
_ - * 5 
—— — » - © % ? 
"> * F = 
oe 
* * * . * 
- id of : 
4 X 
* 0 7 
- 
- 4 4 : 
— ; f 
= 
* * * 
% — * - 2 
f 1 
— * : b 
— * s ; 
- 
- 
* 4 2 2 
: 
= * 7 ' 
— \ 4 
z *- * % 
' - 
' 5 b 8 
* 1 * by : 
— 
„ 
1 4 - — 
% 
4 — a 
4 . 
. ; . — — = * 
— 
% 
— % = 4 - * 
o A's > . . 4 - 2 } ; 
* . 3 n . a 2 3 — — — . 
% * * „ * * Fe 
Fr - = ; 
* 
Fa * - * > on * - 
1 % 4 
* * — % 3 1 # ” 
7 S oa - : 4 
J 2 * oY N 
1 " * 2 k * 1 * 4 + —_— — ves Þ 5 " e 
1 > 4 - <4 oy F 2 28 * * * 1 * 1 * 
$i \ a SF -* rn Ss > ? : 4 — 2 1 + 8 ” * 
7 » F > 
_ % A * 1 ; | j 
9 ” 
. 5 —— * 
4 $ 5 ” — — — o 4 of * 
= = 4 fi $ „ - * — - 1 
N x # 2 * 
_ N os 1 A : bd 
; : _ a 1 # 
: * | 
- _ = [ / | ; , . N 
. * 1 . - 
* N "or Mn 9 # 82 


— — 4a - — 


n 1 —— 


— 
* 
. 
- - 8 . * 
- 
7 * 
* 
= 
* 
— 
a 
. 
- 
- 
— 
. 
* 
9 
1 - 
* 
TY — 
A - 
a - 
CY 
* 
. 
. 
e —— 1 —— — — 
9 4 2 
* x 1 4 , 5 J * 
7 <. 
* "> 
, 2 
» _ . Re” K * _ 
ny = — 2 
r 2 RE. rn et ll 
445 3 „ 5 * 2254 4%%% 


* 


* * tas W * — a * - - — * 4 ” 
E K K LA W „ A r 


* 


Diſfert IV. ie Baremiter, won. 
But it is obſerved, that, in long keeping the 
Inſtrument, the included Air loſes ſomewhat 
of its Elaſticity; whereby, in Proceſs of Time, 
the Water ſtands higher than it ought, and 
therefore indicates the Gravity of the Air to 
be greater than what it is. e 

In the Philoſophical Tranſactions, N' 425; 39 

I have given an Account of a Barometer 
wherein the Scale of Variation may be in- 
creaſed ad, Infinitum. The Deſcription” of it 
is as follows: ABCD (Fig. 35.) is a cylin- 

dtical Veſſel, filled with a b luid to the Height | 

W, in which is immerged the Barometer 

SV, conſiſting of the following Parts: The 

principal of which is a Glaſs Tube TP, (re- = 

| preſented ſeparately at fp) whoſe upper End 7 
T is hermetically ſealed : - This End does 
not appear to the Eye, being received into 
the lower End of a Tin Pipe GH, Which 
in its other End G receives a cylindrical Rod, . "= 
or. Tube ST, and thereby fixes it to the Tube © 2 
TP. This Rod ST\ may be taken off, in 
order to put in its Stead a larger, or leflery - 
as Occaſion requires. 8 is a Star at the Top 
of the Rod 8 T, and ſerves as an Index, by - 
5 2 to the graduated Scale LA, which "is = 
fixed to the Cover of the Veſſel ABCD. 
MN is a large cylindrical Tube made of 
Tin (repreſented ſeparately at mn) which 
receives in its Cavity the ſmaller Part of 
the Tube TP, and is well cemented to it 


. ! 


20 of vhe Barometer. Part II. 
| at both Ends, that none of the Flnidbtnay'get 
in. 
The Tube TP, wich e being 
filled with Mercury, and plunged into the 
Baſon V, which hangs by two, or more Wires, 
upon the lower End of the Tube MN, muſt 
de fo poized, as to float in the Liquor con- 
tained in 'the Veſſel ABCD, and then the 
whole Machine will riſe, when the Atmo- 
ſphere becomes lighter, and vice verſd. 
I shall here add a Computation, in order to 
ew the Poſſibility of the Variation being 
infinite, upon a given finite Variation of the 
Weight of the Atmoſphere, and withal the 
Reaſon why it may be fo. Thoſe who would 
ſee a Mathematical Proof of it, It conſult 
the ans eln 954. 


* 101 ah leder Gravity of Quickſilver E, to that I Wa- 

8 ter, or to the Liquor the Barometer floats in, as 5 to 1 ;. and if 
| _ It de propoſed, the Variations in this compound Barome- | 
ter ſhall be to the contemporary Variations of the common Ba- 

rometer in the given Ratio of x to r, this Effect will be ob- 

tained, by making the Diameter of the Rod 8 T to the Diameter 


of the Cavi "agg HI, as N to 1, which may be 
thus demo 


| 10 us 8 that the Yariadoo' inthe Height of the Quick- 
*  filver in the common Barometer, which we will call v, is ſuch, 
that a cubic Inch of Quickfilyer ſhall riſe into the Jann NT; 
in order to which, a cubic Inch of Nuickfilver muſt riſe from 
the Veſſel V; that 3 is, the Surface P maſt ſubſide fo far, that a 
cubic Inch of Water, (if chat be the Fluid made Uſe of) hall 
enter the Veſſel V, by which Means the Barometer with the 
* annexed will be heavier dy : a cubic Inch of the "He 0 
ow 


1 {3 N * if ; 5 | | 40 | 2 W | 4 
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Let it be ſuppoſed that the Fluid made Uſe 
of is Water, and that the given Variation in 
the Weight of the Atmoſphere is ſuch, that, 
Now this additional Weight of a cubic Inch of Fluid, will. 
make the whole Barometer ſubſide (according to the Laws of 
HFHydroſtatics) till a cubic Inch of the Rod HS, immediately ex- 
tant above the Surface at W, ſhall come under it ; but the. 
Length of ſuch a Magnitude of HS will exceed the Length of 
an equal Magnitude of Quickſilver in the larger Tube X, as”. 
many Times as the Square of the Diameter at X exceeds the 
Square of the Diameter at H (the Length of equal Cylinders 
being reciprocal to their Baſes.) That is, the perpendicular 
Deſcent of the compound Barometer will be to v, the perpen- | 
_ dicular Aſcent of the Mercury in the common Barometer, as 4 
to 1, (ſuppoſing this the Ratio of their Baſes) and conſequently” 
will be equal todv.'' 7 


But, by this Deſcent, the Diſtance PW, between the Surface 
of the ſtagnant Quickſilver and the Top of the Fluid, will be 


augmented by a Column, whoſe Height is dv, the Deſcent of +» 
the compound Barometer; and conſequently the Weight of eke 
whole Column of the Fluid prefling on the lower Surface of b 
Quickſilver (to which the Height X is partly owing) will be "* 


increaſed by a Column of that Length ; and this Increaſe would 

produce a {ſecond Aſcent of the Mercury at X equal to itſelf, 
namely, dv, were the Fluid as heavy as Quickſilver ; but fince . 
it is ſuppoſed to be lighter in the Ratio of - to 1, the Aſcent af 


* * 4 * * | 5 * dv | | 7 

the Quickſilver, on this Account, will only 3 | "LE 2 
But now, as in the former Caſe, when the Aſcent of the Mer- | 

cury was v, the Deſcent of the compound Barometer was ſhewn 


| to be dv; fo here, the Aſcent of the Mercury being— , RN Ra 


ſcent of the compound Barometer will be, and the next De- —5 5 
44d ba ad TS ES | 

ſcent ——" and the next , and ſo on to Infinity. There- 

fore the whole Deſcent of the compound Barometer is to the Af. 


cent of che Mercury in the common Barometer, that is, = is to 1 
dd ddd, 4. | . 


4 3 3 
asd + Tt——+ ,+, Cc. to 1, or as = © 1; becauſe, 


the Terms of the Series being in geometrical Proportion, 


, * 
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Ee” * Face of the Mercury at X may he raiſed an Inch 
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Mn 85 = bine will be render d heavier than it was be- 
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be gpon.the Surface of it at W. the Sur⸗ 


Bigzder (meaſuring from its Surface at P) than' 
8 before; and that the Breadth of the Cavity of 
the Tobe at X, and of the Baſon at P are ſuch, 
"tht by this Arent of the Mercury, there may 
be a eubic-Ioch of it in the Cavity X more 
- than' before, and conſequently in the Baſon a 
*cabic Inch leſs. Now, upon this Suppoſitions. 
- hs Will be a cubic Inch of Water in the Ba- 
ien tiere than there was before ; becauſe the 
- Water wil mcceed the Mercury to fill up its 
1 pon this Account the whole Ma- 


- "res, by the Weight of a cubic Inch of Wa- 
"ters. and: therefore will fink, according to the 
Laws of -Hydroftatics (Chap. II. $. 5.) till a 
cubie Inch of that Part of the Rod WS, which 5 


8 25 N tf ke⸗ 57 


eee . that is, 1:1: 147: 17: . 15 
8d. therefore, by extraQing the ſquare Roots of each Term 
a Proportion, 1 %%ͤ (that is, the Diameter of * 5 : 


+ - the Diameter of HI) as e I LE. D. 


. "Example 1. Putting ; = 14 ad n= 1, the Variation in each 
8 Barometer will be equal, by taking the Diameter of ST to the 


— 


| Diane 2 HL, as 971 to 1, that i is, as 30 to 29 nearly. 
- Example 2. If = boput infinite, the Diameter, of ST will be 


to the Diameter of HI, as W 5 1 P 143 a. 
1 1 to 34 nearly. EY A Del ha 
2 N 3 Þ $43; 7 - 2 ! 24 1 
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was above the Surface of he Water at W. 
comes under it. Then, if we ſup ſe this N 
fo ſmall, that a cubic Inch of it (all be 


" oy — 


ge: 


teen Inches in Length, the Whole Machine 5 15 


will fink fourteen Inches lower in the Fluid - 
than before, and conſequently the. Surface of 
the Mercury in the Baſon will be preſſed more 
than it was before, by a Columm ai Wer 
| fourteen Inches high. But the Pe of | 

fourteen Inches of Water is equiyalentto on, 
: of Mercury (becauſe Water is about” fourteen - 

times lighter than Mercury z) this additional + 


Preſſure therefore will make the Meru g 5 5 


. cend at X, as much as the ſuppoled Van 
in the Weight of the Air did at firſt, - This A+ . 
cent will give Room for a ſecohd cubic Inch! of © 


| Water to enter the Baſon; the Machine will” z 


therefore be again rendered heavier. by the” 
Weight of ſo much Water, and accor ingly 
will ſubſide fourteen Inches farther, - This will - 


= 
> 


wy 8 


occaſion another additional Preſſure dt Witter, - | . 


which will raiſe another Inch of Meri, 1 3 2 
make the Machine ſink fourteen Inches more, 
and ſo on, without ever approaching neater to 

an Ægquilibrium with the external Air: And. 

_ therefore a Scale, anſwering to the Variation 8 


this Barometer, ought ſtrictly and properiy 0 
be of an infinite Length; be Ae. 


firlt ſet out. 
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ter this Ba- 
rometer has ſunk or riſen thouſands'of Mies 


if that were poſſible) it would fall have the ; : 
ame Tendenty to fink or riſe on a hen *. 43 
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Now, was the Rod Ws ſo ſmall, that a cubic 
TOES rg Inch of it ſhould be more than fourteen Inches 
32 (the other Parts remaining as was ſup- 
2127 4 above) the Variation in this Barometer- 
would be more than Infinite, or negative with 
Reſpect to thoſe of the common Barometer. 
Ihe Meaning of which is, that whereas, in the 
common Barometer, the ſuſpended Column of 
- Mercury, by its riſing or falling, approaches 
nearer to an Ægquilibrium with the external 
Air, this Barometer would continually recede 
from an Aquilibrium with it; fo that the far- 
ther it ſhould move up or down, inſtead of ac- 
quiring by that Means a leſs Tendency to move 
on, as the Mercury. in the common Barometer 
30 does, it would acquire a greater. 
On the contrary, when a cubic Inch of the 
Bod is leſs than fourteen Inches in Length, 
_ the Variation will be finite; and may be made 
to bear any Proportion to thoſe of the common 
' Barometer whatever, as demonſtrated in the 
foregoing Note, 


4 


10 


While I am 8 this, another Methed 
occurs to me of making a Barometer, wherein 
the Scale of Variation ſhall bear any Propor- 
tion to that of the common one. It is this: 

Let there be a compound Tube, as ABC (Fig. 
36.) hermetically ſcaled at A, and open at C, 
empty from A to D, filled with Ei from 
Wende to B, and from thence. to E with Wa- 


8 


or in os ie bor 


be. na r 3  Oufite 6 
. * 


4 


'Difflert. IV. of the "OY - 267. 
ter: Then, if the Tube FC be a latle more 


than five Times leſs in Diameter than the Tube 
FA, the Variation in the lower Surface of the 


Water at E will be infinite; if it be above ſo 


many Times leſs, it will be more than infinite, 


otherwiſe it will be finite. See the Demon 


tration in the Note. That 


Let v denote a given Vaxiaon' in the common Barometer, 


x the correſpondent Variation at E ſought, Let the Ratio of 


ax to 1, expreſs that of the ſpecific Gravity of! neg to that 
of Water; and 4 to 1, that of the Diameter of the 
to FC. Then the Variation at E, the lower Surface of the Water, 


being ſuppoſed . the Variation of it at B, the upper Surface _ 
* * will be and conſequentlyGE, chef the Legs | 


4 


BK 7 KB, will vary x + 7 becauſe as Eriſes che Height f "OY 


Geomes down 7 Again, the Variation of the Sarface of 
the Mexcury at B will be the ſame with that of the Water in the | 


Tame Place, wiz. — ; and, if the Tube is of the ſame Diameter | 


2 


at D, as at B, = Variation of the Surface at D will alſo be the 


fame, that is, + : The Sum of both Variations, gr the Variation 


of HD the Difference of the Legs will made be 1 the 


Preſſure of the Mercury and Water together upon Pry Air at E, is 


owing to the Lengths of HD and GE ; and ſince one of theſe will | 


always ſhorten, when the other len thens, the Variation in 
Preflure will depend on the Variation of the Difference of their © 
Weights, that is, of the rn Weight of x + 


- Hand of But the Weight of x 12 7 (being the Weight of 


2 ge of Water) compared to that =, a Column of Mercury of 


the ſame Length, is only — 7 7 The Difference therefore 
, | | between 


ube FA 


D * 
_— 4 
22 
— 1 —-— ͤ Ǽ—äͤ— 
- POS * * * 8 * 
. 1 
- 


be infinite; will appear * em the e © 


Tube AF and FC be ſuch, that when HD, 


4 * ; ; I ” 2x & * : ; a 
73 the common Barometer, OT e 


. Ts by the Proportion as many Times more than w, as 
and = z, nad will be equal-40 350, and 2y—dd—1=2; 3 


3 the common e 75 to one. 
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That the Variation in this Barometer may 


Computation. | 
Let the Proportion between the Bores of the. | 


the Difference of the Legs wherein the Mer- 


_ Eury is contained, is augmented one Inch, GE; 


the Difference of the Legs wherein the Water 


+ 1s contained, ſhall be diminiſhed - fourteen ; | 
. then, as. Rh as the Preſſure of the Mercury 


is augmented, that of the Water will be dimi- 
niſhed, and fo the Preſſure of both taken toge- 


_ -. ther will remain as it was. And conſequently, 


after it has begun to riſe, it will always have 

the ſame Tendency to riſe on, without ever 
coming to an Æquilibrium with the Air. 
How far this Barometer will ſucceed in 


Practice muſt be left to experience to deter- 


mine. 


* 
* 


between . and—=will be always equal to the Variation in* 


by the common Method of Reduction, a= = ==: That 
v, x: * : 4: zi. Now, if we put m=14, and 


= 7, 2m—dd—1 will be found equal to nothing; and 


madd is than nothi 'tis infinite. And if n be put = 14, 


and therefore the Variations in this Caſe will be to thoſe i in 


— . 
= * N 
o * 
. 1 , 
% 4 
60 - * - 
| # * - 
* * 1 
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* - Probablyy/if the Bore of the Tube F C he made 
very ſmall, via: about the twentieth Part of 
dan Inch Diameter, the Air will not aſcend 

through the Water, as it is apt to do through, 


the Mercury, in the pendant Barometer; and 


the Smallneſs of the Bore will not prevent the 
Water from moving, near ſo much as it does 

| the Mercury in that Barometer. 

Trͤbere is an Improvement cf another. Kind 

niche common Barometer, whereby, it is ten- 

= dered. portable. The Tube containing the 


Mercury, inſtead of having its lower End im- 


| merged in a, Veſſel, of chat Fluid, has.it tied - 


up in a Leathern Bag, not quite full, of Mer- 


cury. And though the external Air cannot 
get into the Bag to ſuſpend the Mercury in 


the Tube, by preſſing on its Surface, as in the 


common one; yet it has the ſame Effect, by 


pong on the Outſide of the Bag, which, 


ing pliant, yields to the Preſſure, and keeps 


the Mercury ſuſpended in the Tube at its pro- 
per Height. This Bag is generally incloſed 
in a little Box, 8 

paſſes a Screw; with this Screw the Bag may 

de compreſſed, ſo as ti force. the Mercury 


to the Top of the Tube; which keeps it dr; 5 


and hinders it from breaking the Tube by 


daſhing againſt the Top when it. is carried 
about, as it otherwiſe would be apt to do. 


— & 4 
— — — * 
— Pa, 
las. & *. 


the Bottom of which 


o . See 


4 * 
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See mote on the Subject of this Diſſertation, 
*Feidlert Inſtitutiones Mathemat. p. 608. Mel- 
cb Verdries Phy. Pars ſpecialis, Cap. IV. 
g Mr. Paſebals Traité de TEquilibte 
des Eiger. Sinclair's Ars magna Gravitatis 
& Levitatis. Mariottes Second Effay de la 
Nature de PAir. Philoſoph. „ ge om. II. 
p. 850. Sauls Treatiſe on Barometer. 
 Regnault s. Philoſoph. Converſat. 22. Clare's 
Motion of Fluids, p. 140. Mem. de TAcad. 
1705, 1711. Philoſophical Tranſactions, N- 
9 10, 11, 55, 86, 91, 165, 181," 185, 208, 
8 5 oy 237, 240, 243, 269, 351, 366, 
£ 3 405, 406, 427. Cotes Hydro- 
atical and Pneumatical Lectures, Lect. | 
With ſeveral other Authors referred to in Mz. 7 
 Yobnſon 8 . * N IV. 
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DISSERTATION. v. 


* 
: 
aft! 1 


A E Wind is "eh: other 8 55 Motion 


of the Air upon the Surface of the 
Globe. Some of the Ancients took it to be 


9 "of the Origin of Winds 1 52 4 é 


Air, ruſning out of the Bowels and Cavities 
of the Earth: And others thought it an Ex- 
halation from its Surface. But theſe are Hy- 

potbeſes too chimerical to ſtand. in Need of a. 
particular Confutation. Some of the Moderns, 


who held a Plenum, have accounted for it thus: 


They imagined, that the Air being confined 


above, as it muſt be, if we ſuppoſe a Plenum, 


would, when more than ordinarily rarefied, or 


ſtocked with Vapours, drive away the neigh- 


bouring Air, in order to make Room for itſelf 3 


and by this Means occaſion a Wind. Others, 
obſerving a conſtant and perpetual eaſterly 


Wind to blow at the Equator, aſcribed its 


Origin to the diurnal Rotation of the Earth 


about its Axis from Weſt to Eaſt ; which they 
| thought would occaſion the Air upon its Sur- 


face to ſeem to move the contrary Way, being — 


— F 


in ſome Meaſure left behind. But, whereas 
there are Winds, in ſome Places near the Equa- 
| Kt that blow on other Points of the Compaſs 
nk GS, e 


— 


T * 


4 n — — 13 Wu - — — 
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EY of te bee Winds: breit . 


(as we ſhall ſee hereafter) this Hyporbefis is 


inſufficient. - . Beſides, . the Air preſſing upon 
the Surface 6f the Earth by its Gravity, like 
| other Bodies, and having nothing to hinder it 


from moving freely along with it, muſt neceſ- 


| farily, in Time, acquire an equal Degree of 1 
| Velocity, 1 5 ſo keep. Pace with it, all 81 Wer . 


uct 0 

rincix pal Cauſe. of ce Wind“ or, in 
ater Vert, ef the Air's moving from Place 
to Place, upon the Surface of the Earth, is 
the Atmoſphere's heing heated over one Part 8 


more than over another. For, in this Caſe; 


the warmer Air being rarefied, becomes ſpeci- 


4 lighter than the: reſt; it is therefore 


rpoiſed” by it, and raiſed upwards, the 


| upper Parts of it diffuſing themſelves every 


ay over the Top of the Zimoſpbere; while 


te neighbouring inferior Air ruſhes in from 
2 all Parts at the Bottom; which it continues to 
d, till the Eguilibrium is reſtored. 


Upon this Principle it is, that moſt of the 
- Winds may be accounted for. | 
To begin with 1 57 are blow under che 
— Equator... 5 | 


1. Under the 9 the Wind! is Gan | 


| 5 obſerved to TO from: the Eaſt WN *. 


2 
For the Reader $ | Baſe, (who "ONE is not furniſhed with 


th Philoſophical Tranſactions) I ſhall here inſert, by Way of 


Note, from Dr. Halley's Account, ſo much of the — 1 of the 
INS as 5 be , for my PIE this . | 
66 ' 
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8 For. ſuppoſing the Sun to continue vertical 
1 over ſome one Place, the Air will be. moſt rare- 
| Hed there; and conſequently, the neighboure 


«© The upiverſal Ocean, ſays, he may moſt properly be a- | 
© yided into three Parts, | wiz. 1. The Alentic and Athiopic 
1 Seas. 2. The Iadias Ocean. 3. The great South Sea, or 
e the Pacific Ocean. r 


JJ. In the Atlantic and Atbiegit Seas; between the Fropicg, 
there is a general eaſterly Wind all the Year long, without any 
40 Confiderable Variation; excepting, that it is ſubje& to be de- 
4 flected therefrom, ſome few Points of the Compaſs, towards 

e the North, or South, according to the Poſition of the Place. 

41. Near the Coaſt of Africa, as ſoon as you have paſſed the 
# Canary Iles, you are ſure to meet a freſh Gale of North-eaft 

% Wind, about the Latitude of twenty-eight Degrees North; 

«© which ſeldom. comes to the Eaſtward of the Eaſt-north-eaſt, 

or paſſes the North-north-eaft. This Wind accompanies tho 

% bound to the Southward, to the Latitude of ten Degree 
4 North, and about an hundred Leagues from the Guinea 
Coaſt; where, till the fourth Degree of North Latitude, they 

fall into Calms and Tornadoes, or ſudden Storms. ' 

2. Thoſe bound to the Caribbee Illes, find, as they ap- 
«©: proach the American Side, that the aforeſaid North. end 

44 Wind becomes ſtill more and more eaſterly, ſo as ſometimes 
** to be Eaſt, ſometimes Eaſt by South, but yet moſt commonly 
tothe Northward of the Eaſt, a Point or two, ſeldom more. 
„ Tis likewiſe obſerved, that the Strength of theſe does gra- 

6% dually decreaſe, as you fail to the Weſtward. WR 
3. That the Limits of the Trade and pariable Winds in 
* this Ocean, are farther extended on the American Side, than 
„ the African; for, whereas you meet not with "this certain 
Wind, till after you have paſs'd the Latitude of twenty-eight 

Degrees on this Side; on the contrary Side it common! 

holds to thirty, thirty-one, or thirty-two Degrees of Lati- 


- 


„„ tude; and this is verified likewiſe to the Southward of t. — 


„ Zquinoial; for near the Cape of Good Hope, the Limits of 5M 

the Trade Wind are three or four Degrees nearer the Line, 

than on the Coaſt of Bra/i. . e ns 128 
„ e OY | Oz Py 4 44: That 


* - 


Yor 


* 


= % ; g 
4 


” 1 


YES 


4 4 „ 


85 1 8 Ee ILY 4 8 
214 6 Of the Origin of Winds. Part IT. 


„ AS IS 1. 9 KS . a IT . 
ing Air will ruſh in from every Quarter with 
cqual Force. But, as the Sun is continuall7 
mmifting to the Weſtward, the Part where the 
| 38 5 | | ? 2 4 ; | | 1 f Air N 


0. 4. That from the Latitude of four Degrees North, to the 


+ 4 aforeſaid Limits on the South Side of the Zquator, the Win 


% and moſt commonly between the South-eaſt and Eaſt; ob- 


4 ſerving always this Rule, that on the African Side they are 
- ** more ſoutherly, on the Bra/ilian more eafterly, ſo as to be- 
i come almoſt due Eaſt, the little Deflection they have being 

e ſtill to the Southward. In this Part of the Ocean, it has 
* been my Fortune to paſs a full Year, in an Employment that 
** obliged me to regard more than ordinarily the Weather, and 

found the Winds conſtantly about the South-eaſt, the moſt 
b uſual Point South-eaſt by Eaſt : When. it was eaſterly, it ge- 

, nerally blew hard, and was gloomy, dark, and ſometimes 
© rainy Weather: If it came to the Southward, it was gene- 
** rally ſerene, and a ſmall Gale next to a Calm; but this n 

very common, But I never ſaw it to the Weſtward of the 
South, or Northward of the Eaſt. e * 
5. That the Seaſon of the Year has ſome ſmall Effect on 
* theſe Trade Winds; for that, when the Sun is conſiderably to 
the Northward of the Eguator, the South-eaſt Winds, eſpe- 
4 cially in the Streight of this Ocean (if I may fo call it) = 
** tween Braſil, and the Coaſt of Guinea, do vary a Point or 
e two to the Southward, and the North-eaſt become more 
d eaſterly; and, on the contrary, when the Sun is towards the 
© Tropic of Capricorn, the South-eaſterly Winds become more 
* eaſterly ; and the North-eaſterly Winds, op this Side the 
Line, veer more to the Northward. WOT 5 
6. That as there is no general Rule, that admits not of ſome 
Exception, ſo there is in this Ocean a Tract of Sea, wherein 
7" the e and South-weſt Winds are perpetual, viz, all 
along the Coaſt of Guinea, for above five hundred Leagues 
together, from Sierra Leona, to the Iſle of St. Thomar': For 
the South-eaſt Trade Wind having paſs'd the Line, and ap- 
 *© proaching the Coaſt of Guinea within eighty or an hundr 
. en, inclines towards the Shore, and becomes ouch, Jaun 
s eaſt; and by Degrees, as you come nearer, it veers about to 


80 zouth-ſouth-weſt, and in with the Land South - weſt 
Ts uth-iouth 1 W pi Ds 


«are generally and ee between the Souch and E 
* 
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and therefore the Tendency of all the lower Air, — 
taken together, is greater that Way, ne 8 
1 n : A ob | 1 other. 2” 


\ . 


4 


© and ſometimes Weſt-ſouth-weſt, Theſe are the Winds, which 
are obſerved on this Coaſt, when it blows true; but there are 
% frequent Calms, violent ſudden Guſts, called Tornadoes, from 
all Points of the Compaſs, and ſometimes unwholeſome foggy 
«« eaſterly Winds, called Hermite, by the Natives, which too 
** often infeſt the Navigation of theſe Parts. de HED x» 
1 7. That to the Northwards of the Line, between. four and 
t ten Degrees of Latitude, and between the Meridians of Cape 
* Verde, and of the eaſtermoſt Iſlands that bear that Name, there 
* is a Trad of Sea, wherein it were improper to ſay, there is 
% any Trade Wind, or yet a variable; for it ſeems condemned to 
** perpetual Calms, attended with terrible Thunder and Light. 
ning, and Rains ſo frequent, that our Navigators from thence | 
Fe this Part of the Sea, the Rains : The little Winds that 
% are, being only ſome certain Gaſts, of very little Continy. 
_ ©. ance, and leſs Extent; ſo that ſometimes each Hour you 
*« ſhall have a different Gale, which dies away into a Calm be- 
fore another ſucceeds : And in a Fleet of Ships in Sight of | 
«© one another each ſhall have the Wind from a ſeveral Point of | 
F* the Compaſs: With theſe weak Breezes, Ships are obliged — 
* to make the beſt of their Way to the Southward, through "> 
e the aforeſaid fix Degrees; wherein it is reported ſome have 
been detain'd whole Months for want of Wind.. 


II. In the Indian Ocean, the Winds are partly general, 
t as in the Ætbiepic Ocean; partly periodical, that 1s, half 
f* the Year my blow one Way, LY ha other half near upon 
the oppoſite Points; and thefe Points, and Times of ſhifting, 
** are different in different Parts of this Ocean, er 3 
. Between the Latitudes of ten Degrees and thirty De- 
86 grees South, between NZ and Hollandia Nowa, the : 
#* General Frade-Winds about the South-eaſt and by Eaſt, are 
found to blow all the Year long, to all Intents and Purpoſes 
ts after the ſame Manner as in the ſame Latitudes in the *'' * 
| ** Ethiopic Ocean, as, jt is deſcribed in the fourth Remark _ 
_ V4 aforegoing. 3 I. 3 
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obeh Wee ce Tendency of the Air to- 


wards the Weſt, becomes general, and its 


move 


l That the iforefaid Souch⸗eaſt Winds extend to within - 


* two Degrees of the Equator, during the Months of Fane, July, 
% and Deg &c. to November ; at which Time, between the 
South 8 of three and ten Degrees, being near the Me- 
„ +idian of the North End of Madagaſcar, and between two 


_ * and twelve South Latitude, bein ., fem near Stmatra and Fava ; 


* the contrary Winds from the rth-weft, or between the 
% North and Weſt, ſet in, and blow for half a Vear, Vi%. from 


„the Beginning of December till May : And this Monſoon is 


5 odlerve as far as the Molucca Hes. 

That to the Northward of three $ South Lat. 
* tade; over the whole Arabian and Indian Sea, and Gulf of 
hy Bengal, from Sumatra to the Coaſt of Africa, there is ano- | 


der Monſoon, blowing from 'O#ober to April, upon the 


«© North-eaſt Points : But in the other half Year, from April to 
% October, upon the oppoſite Points of South · weſt and Welſt- 


1 „ ſouth-weſt, and that Wich rather more Force than the other, 
ce 


p accompanied with dark, rainy Weather; whereas the North- 
eat blows clear. Tis likewiſe to be noted; that the Winds 
5 are not ſo conſtant, either f in Strength or Point, in the Gulf 
"i Beng al, as they are in the Indian Sea, where a certain, 


=" Gale ſcat=e ever falls. Tis alſo remarkable, that 
e W 65 


uth-weſt Winds, in theſe Sens; are generally more 
'* ſoutherly on the African Side, and more weſterly on the 


44. There is a "Traft of Sea to the Southward of the 


„ * quator, ſubje& to the ſame Chan — of the Winds, wiz. - 
| «© near the African Coaſt, between it an 


t or St. Laurence, and from thence Northwards, as far as the 


the Iſland Madagaſcar, 


© Line; wherein, from April to October, there is found a con- 
- «© ſtant freſh South-ſouth-weſt Wind, Which, as you go moe 


"m northerly, becomes ſtill more and more weſterly, ſo as to fall 


«© in with t e Weſt⸗ ſouth-weſt Winds, mentioned Aae i in thoſe 
% Months of the Year to be certain to the Northward of the 
% Equator, What Winds blow in thoſe Seas, for the other 


half Year, I have not yet been able to obtain to my full datiſ- 
5 2 aden! e Account which ns been given me, is only this, 
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move till the next Return of the Sun, fo much 

ol its Motion, as was loſt by his Abſence, is 

ga gain reſtored, and therefore the eaſterly Wind 


| „ pes } IF ; . 
That the Winds are much eaſterly hereabouts, and as often 
ce to the North of the true Eaft, as to the Southward thereof. N 
„ 5. That to the Eaſtward of Sumatra and Malacca, to the ; 
% Northward of the Line, and along the Coaſt of Cambaia, | 
* and China, the Mox/oons blow North and South; that is to þ | 
: ſay, the North-eaſt Winds are much northerly,” and the / 
F « South-weſt much ſoutherly. This Conſtitution reaches to the 
| « eaſtward of the Philippine Iſles, and as far northerly as Japan; 
«« the northern Mon/con ſetting in, in theſe Seas, in OZober or | 
% Nowember ; and the ſouthern in May, blowing all the Summer | 
« Months. Here it is to be noted, that the Points of the Com- Iu 
% paſs from whence the Winds come, in theſe Parts of the 
« World, are not ſo fixed, as thoſe lately deſcribed ; for the 
& ſoutherly will frequently paſs a Point or two to the Eaſtward ' 
* of, the South, and the. northerly as much to the Weſtward 
*« of the North, which ſeems occaſioned by the great Quan- 
. «tity of Land which is interſperſed in theſe Seas. 
46. That in the ſame Meridians, but to the Southward of 
„ the Equator, being that Tract lying between Sumatra and 
© Jawa, to the Weſt, and New Guinea to the Eaſt, the ſame 
% northerly and ſoutherly Mon/oons are obſerved ; bat with this 
Difference, that the Inclination of the northerly is towards. 
the North-weſt, and of the ſoutherly towards the South-eaſt : 
© But the Plage Venti are not more conſtant here than in the 
% former, viz. variable five or fix Points, Beſides, the Times 
| of the Change of theſe Winds are not the ſame, as in the 
a «© Chineſe Seas, but about a Month, or fix Weeks later. 
| | « 7. That the contrary Winds do nõt ſhift all at once, but in 
oe ſome Places the Time of the Change is attended with Calms, . 
in others with variable Winds; and it is particularly remark- - - —.. 


#1 


{4 


A 


able, that the End of the weſterly Mon/oon, in the Seas of — 
«© China, are very ſubject to be tempeſtuous. The Violence of 
** theſe Storms is ſuch, that they ſeem to be of the Nature of 
the N- India Hurricanes, and render the Navigation of 
{* theſe Parts very unſafe about that Time of Year. "Theſe 
Fg. e ee 


* 
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Some are inclined" to think, that the con- 

tinual ſhifting of the Sun to the Weſtward, 

ſhould produce a weſterly Wind under the 

. Equator, by cauſing. the Current. of the Air 
from the Weſt to exceed and over-balance that, 


* 


0 \ NE Tempeſts are by our Seamen uſually term' d the Breaking uf 
be Monſoons, s eee , 


III. The Third Ocean, called Mare Pacificum, whoſe Ex- 
„1 tent is equal to that of the other two (it being from the Weſt 
1 Coaſt of America to the Philippine Iſlands, nat leſs than an 
4% hundred and fifty Degrees of Longitude) is that which is leaſt 
e known to our own, or the neighbouring Nations: That Navi- f 
1 vation that there is on it, is by the Spaniards, who go yearly 
** from the Coaſt of New Spain to the Manillas :. But that but 
i by one beaten Tract; ſq that I cannot be fo particular here, 
« as in the other Two, What the Spar; Authors ſay of the 
«© Winds, they find in their Courſes; and what is confirmed by 
the old Accounts of Drateand . and ſince by Schooten, 
Who ſailed the whole Breadth of this Sea, in the ſouthern 
* Latitude of fifteen or fixteen Degrees, is, that there is a great 
Conformity between the Winds of this Sea, and thoſe of the 
Atlantic and ibiopie; that is to ſay, that to the Northward 
1 of the Equator, thepredominantWind is between the Eaſt and 
1% North-eaſt; and to the Southward thereof, there is a con- 
(tant, ſteady Gale, between the Eaſt and South-eaſt, and that 
on bath Sides the Line, with ſo much Conſtancy, that the 
5 1 ſcaxce ever need to attend the Sails; and Strength, that it is 
Eo} 5 rare to fail of crofling this vaſt Ocean in ten Weeks Time; 
which is about an hundred and thirty Miles a Day: / Beſides, 
tis ſaid, that Storms and Tempeſts are never known in theſe 
„Parts; wherefore ſome have thought it might be as ſhort a 
Voyage to Japan and China, to go by the Streights of Mg, 
“ pellan, as by the Cape of Good Hope, _ _ 82 
The Limits of theſe General Winds are much the ſame as 
& in the Atlantic Sea, viz. about the thirtieth Degree of Lati- - 
-  ** tude on both Sides. Beſides, a farther Analogy between the | 
„Winds of this Ocean, and the Atbiopic, appears in that, that 
upon the Coaſts of Peru they are always much ſoutherly, likg 
#5 as they are found near the Shores of Angola.“ r 
V which 


1 * 


; 555 Ke 
of 
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which"oppoſes it from the Eaſt. For, where- 
as the Eaſtern Air retains its Heat fome Time 
after the Sun is removed from it, it muſt al 
ways be rarefied to a greater Degree, and alſo 5 
to a greater Diſtance from the Place to which | 
the Sun is vertical, than the weſtern Air is 
and therefore the weſtern Air, being more 
ponderous, (ſhould be an Over- balance for the 
eaſtern, and drive the Current before it. 
But it. is to be obſerved, that we are not to 
conſider the Point to which the Sun is ver- 
tical, but the Point of greateſt Rarefaction 
(which, upon Account of the Sun's Motion to 
the Weſtward, lies always to the Eaſtward;) 
and then ſee, which Side of the Column of 
Air, incumbent over that Point, ſuſtains the 
greater Preſſure from the neighbouring Co- 
lumns. Now, although the Air is rarefied-. 
even farther to the Eaſt of this Point, than to 
the Weſt, yet ſtill, if we ſuppoſe the Point 
to keep its Place, the Air over it will ſuſtain + 
an equal Degree of Preſſure on each Side, 
For, finge no Column can be affigned on the 
| Weſtern: Side, but one alſo on the eaſtern 
may be found under an equal Degree of Rare- 5 
faction, and therefore of the ſame ſpecifio Gra- "2 _ 
vity ; and fince Fluids of equal Heights, and -- | 
the fame ſpecific Gravities (whatever be the 
| Breadth of their Columns) preſs equally againſt 
equal Objects, (Chap. J L. 9.) "tis very 


{4 


| evident, that the Column of Air, over the 
1 | Point 


wards the Point of greateſt Rarefaction, 


4 
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Point of greateſt Rarefaction, is preſſed equally 
both Ways; and ſo, upon this Suppoſition, 
each Wind will blow, towards that Point with 
equal Force. But, if we ſuppoſe the Point 
of greateſt Rarefaction to ſhift towards the 


Welt, we hall find, that this AÆguilibrium 


will by that Means be deſtroyed, and the 
Motion of the Air (upon the whole) deter- 
mined that Way. For let us conſider any 
Portion of the weſtern Air approaching to- 
that 
Point ſhifts, -in the mean Time, towards the 
Weſt, then will that Portion reach the ſaid 
Point. ſooner than it otherwiſe would have p 
done; thereby loſing a Part of its Motion, by 
which Means the weſterly Current will be di- 
miniſh'd. Again, if, while the Eaſt Wind 
blos towards the Point of greateſt Rarefaction, 
that Pornt moves on before it, then will the 
eaſtern Air have a greater Quantity of Motion, 
than it otherwiſe would have had; that, which - 
ſhould have been an Impediment to it, being, -- 
upon this Suppoſition, in ſome Meaſure 2 
drawn; and ſo the Eaſt Wind will be aug- 
mented. Thus, the Weſt Wind having its 
Force leſſen d by the Motion of the Sun, and 
e Eaſt one being increaſed, the latter at 
length as it were ablorbs the former, and car- 
ries it away in its own Direction. 
2. On each Side of the Equator, to about | 


| the Weh, Da Eine, the Wind js 


found 


& 


[1 
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found to 
become North- eaſt on the northern Was, _ 


South-eaſt on the ſouthernn i} | 


The Reaſon of which is, that; as — wage 


torial Parts are hotter than any other, both the: 


northern and ſouthern Air ought to have a 


Tendency that Way; the northern Current 


vary from the Eaſt Point, ſo as to 


therefore, meeting in this Paſſage with the 


ceeaſtern, produces a North- eaſt Wind on that 
Side; as the ſouthern Current, joining with: 


the ſame, on the other Side the ar ee forms. 


# South-eaſt Wind there 


Theſe two Propoſitions are to be caderfived A 


of open Seas, and of ſuch Parts of them as are 
_ diſtant from the Land; for near the Shores, 
where the neighbouring Air is much rare- 
fied, by the. Reflection of the Sun's Heat from 
the Land, it egen, Wappens otherwiſe; 


eh. 
PO "he Guinea Coaſt, the Wind always 


ſets in upon the Land, blowing weſterly in- 


ſtead of eaſterly. This is becauſe the Deſerts 
of Africa lying near the Equator, and being a 
very ſandy Soil, reflect a greater Degree of Heat 
into the Air above them. This therefore be- 
ing rendered lighter than that which is over 


the Sea, the Wind continually ruſhes in upon - - 


| the Land to reſtore the Æguilibrium. 


4 har Dire of ocean wh ioniied - 


the Rains, is attended with perpetual Calms, 
o_ Wind ſcarce blowing — either one 
| * 
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Way of © „(See its Situation deſcribed in 


Note, Page 1 18 Remark yth.) For this Tract 


_ and the eaſterly Wind blowing from the ſame 
Place to the Weſtward thereof, the Air ſtands 
in Æguilibris between both, and its Gravity is 


being placed between the weſterly Wind blow- 


ing from thence towards the Coaſt of Guinea, 


ſo. much diminiſhed thereby, that it is not able 


to ſupport the Vapour it contains, but lets it 
fall in continual Rain, from whence this Fart 


5 of the Ocean has its Name. 


There is a Species of Winds, Shaka 


> ns Places within the Tropzcs, called by 
the Sailors Monſoons, which during fix Months 
| of the Year, blow one May and the remain- | 


ng ſix the contrarx. 
The Occaſion of them in ene is this. - 


5 When the Sun approaches the northern Tropic, 


there are ſeveral Countries, as Arabia, Peria, 
India, &c. which become hotter, and reflect 


more Heat than the Seas beyond the Equator, 
hich the Sun has left; the Winds therefore, 
ijnſtead of blowing from thence. to the Parts 


under the Eguator, blow the contrary Way ; 
and when the Sun leaves thoſe Countries, and 
draws. near the other Tropic, the Winds turn 


about, and blow on the SP pon Point 55 the | 


Compals. 


The 1 of theſe Winds making 


them more than ordinarily. uſeful in Naviga- 


tion, ap are from thence called Trade 
SEAS... Wind. 


ebnen 


- — | 24 F 
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Winds. As to other Cireumſtances relating 
to them, and the particulat Times and Places 
of the Mon ſoons, &c. ſee the Hiſtorical Ac- 
count in the foregoing Note; all which might 


eaſily be ſolved upon the ſame Principle, had 
we Data to go upon, and were all the ſeveral 


Circumſtances! of Situation, Heat, Cold, &c. 
ſufficiently knoẽẽwn x. J n 


From the Solution of the general Tr 
Winds, we may ſee the Reaſon, why in 


34 
- 


the Atlantic Ocean, a little on this Side the 
thirtieth Degree of North Latitude, or there- 
abouts, as was obſerved in the foregoing 


Diſſertation, there is generally a Welt; or 


South -weſt Wind. For, as the inferior Air, 


within the Limits of thoſe Winds, is conſtant- 
ly ruſhing towards the Equator, from the 
North-caſt Point, or thereabouts, the ſupecior 
Air moves the contrary Way; and therefore, 


after it has reached theſe Limits, and meets 
with Air, that has little or no Tendency to 


Some have thought, that the Regulari ty of the general Trade 


Winds is partly owing to the diurnal Motion of the Moon from - 


Eaſt to Weſt. For, as the Sun renders the Air ſpecifically lighter 


by its Heat, ſo does the Moon by attracting it, in the fame 
Manner, as it does the Sea, by raifingthe Tides : But it is to 


be obſerved, that as the Moon acts with the greateſt Forte upon 


the ſuperior Parts of the Air, and as thoſe ſuperior Parts are un- 
confined, and therefore more at Liberty to ruſh in, in order to 
reſtore the Æguilibrium; it will from hence follow, that the 


ruſhing in of the ſuperior Parts of the Atmoſphere will pritici- 
pally contribute towards reſtoring the Zquilibrium ; and ſo the 
qtion, produced below, will be very incouſiderable, | 


- 


any * 


*ib 


Ap 
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any one Point more than to another, it wilt 
determine it to move: in e lame Dire&ian 


we AI: | 


In ͤ our own Climate we frequently pe, 


| rience, in calm Weather, gentle Breezes blow- 


ing from the Sea to the Land, in the Heat of 


the Day; which Höænomenon is very agree - 


able to the Principle laid down above: For 


the inferior Air over the Land being rarefied 
by the Beams of the Sun, reflected from its 


E IA oj eggs ined. aver” 
the Water, which reflects fewer, the 1 is 


"conſtantly moving on to the Shore, in —4 
to reſtore the Æguilibrium, when not diſ- 


turbed by! outen Wore from. another gee | 


* 


8 ow towards the 
4 of the Air from Sea to Land. Again, if the ambient Water 


f _— 


From ua has — beet. nothing is 


more caſy than to ſee, why the northern and 
ſouthern Parts of the World, beyond-the Li- 
mite o the T; rade Minde, are labjat; to * 


80 10 8 of pong we hve an 7 1 and very 9 
tient Experiment, related by Mr. Clare, in his Motion of 


V Take, ſays he, a large Diſh, fill it with cold Water; 


« into the Middle of this put a Water-Plate, filled with-warm 
% Water. The firſt will repreſent the Ocean; and the other 
« an Iſland, rarefying the Air. aboye it. Blow out a Wax 
Candle, and if the Place be ſtill, on applying it ſueceſſively 


to every Side of the Diſh, the fuliginous articles of the 


«© Smoak, by viſible and very light, will be ſeen to move 
late, and. riſing over it, point out the Courſe 


«be warmed, and the Plate filled with cold Water, let the 


<0 ſmoaking Wiek of the Candle be held over 2 Plate, and 


[8 708 n will happen.” 
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Di. v. 0f the Origin of Winds. 


Variety of Winds. For the Air, upon Ac- 
count of the leſſer Influence of wers Sun in 
thoſe Parts, being undetermined to move to- 
Wards any fixed Point, is continually ſhiftin 
from Place to Place; in order to reſtore 
Aquilibrium, wherever it is deſtroyed; whe 
ther by the Heat of the Sun, the riſing of 
Vapours, or Exhalations, t the melting of Sow 
upon the Mountains, and a great Variety of 
other Cirgr ICES, more mo can be bs 3d 
_ ehmlbentieth 025 Þ of vi note fF ro ont” = 
Me ats told bo Kii 0G of certain Caves 
that emit Wind; if ſo, it is when the included 
Air is : rarefied by Heat, and therefofe ruſhes 


out for want of Room; or, when the Preſſure 


of the external Air, incumbent upon the Mouth 
of the Cave, is diminiſhed, and fo 2 An 
en n to n open and iſſue out. 
. more on 65 Sobject, ſee Minges 8 
| Religions Philoſopher. Regnault's r 
phical Converfations. Clare s Motion of Fluids. 
Martins Philoſophical Grammar. And the 


Authors referred to in Mr. . 5 8 een : 


Philobph: Cap. 1. T4 I 
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which this is done, has ever been a Controve 
|| amongPhiloſophers y neither i it at this T 


cular Subſtance, diſtin& from other 
8 account for the Formation and Aſcent of Va- 


Van, or Particles of Fire ſeparated from them, 
| IRS to Particles of the Water, make 


bissBATAT ION V. 


ef Vas 
Powys, and their er ine . 
Snow, and Hail. e 


2 
WT. 
©. 4 \ 

_ #'v 


„ 


4 — Vagoiirs 
| . face of Water by the Action of the Sun? 


18 


agreed on by all: But the Manner in 


ed by any one. 7 i 
a — A Carcefian n this Mala, 
he icaimedianly tells us, "5 che Aion of 


If we 


| the Sun upon the Water, ſmall Particles of the 
Water are formed into hollow Spheres, filled 
with Materia Subtilis, aud by that Means be- 
coming lighter than an 1 5 i Bulk of Air, are 


eaſily Buoyed up in it. a this Ae 


+ 3 is onlya Fifion, this Solution is nt 
. tw | 


regarded. 
Dr. Nieuwentyt, nd ſeveral abide Philo- | 
ſophers, who maintain, that Fire is a parti- 
atter, 


pours thus: They ſay, that the Rays of the 


K it . d N 
: 2 + 1 48 ur 
— = wh. * 1 1 
7 b 4 ; : 


* 
_ * 
» ſ , 
= 


up nde LB ee this an ru Bulk - N 
Air; which therefore, by the Laws of Hy- | 
 droſtaticks, will aſcend in it, till they come to 
an Height where the Air is of the ſame. ſpecific 


5 fie Fre by the. Separation of the Particles of 


then left without Support, can no 
by ſuſtained by the Air, but falls down in 
: Drops of Rain . 
This Opinion! 12 liable to the following Dit 
s ficulties z F , F ire has never been yet pr 
ed. to 3 a diſtin& Element, or el 
Subſtance ; and the Change of Weigbt 
ies in chemical Preparations, $4 0 


3 of Fire, is found to proceed from the Adhefion 

of Particles of Air 9. 

Second, Should the above-mentioned Sup- 
poſition be allowed, the fiery Particles, which 


of Water; and then a Perſon, being on the 


Top of an Hill in a Cloud, would be ſenſible 
of the Heat, and find the Rain produced from 


» ges 


3 Religious Philoſopher, Contem 
1 Cap. I. Quzſt. 


ook * 
= F = * = 
. © | . 0 ; 


e Fire from thoſe of the Water; which la, 


2 thought t to ariſe from the Adheſion of Particles 


are joined to the watery ones to buoy them 
up, muſt be conſiderably large, or elſe a very, 
great Number. muſt fix upon a ſingle Particle 


that Taper much colder than the Vapour it- 


Li See the 7 a pahenes to in Mr. Tehror's Gert 
15 By Dr. ales, in * ak Statics. | BAN is . 
E 


Gravity with themſelves. And, that Rain is 8 


| 45 of the alan Part in. 


ſelf: Whereas the contrary is is ne to our 


5 Clouds, being much colder than the Rain 
1 which falls below. 


5 of Water ſhould be ſeparated, from thoſe . 
the Fire, ſo as to fall in Rain, is not Kally ie 
| be conceived. 


That by the Action of the Sun, on the Surface 
of the Water, the aqueous Particles become 


warm Air, which renders them ſpecifically 
Ugghter than common Air, and makes them 


But I aſk, 


to be ſpecifically lighter than that without, 
ſince the Sun's Rays, which act upon the 


Air to be ſeparated from the denſer ambient 


' Lungs, whilſt the ambient Air is colder and 
_ denſer). what would hinder the external Air 
from reducing that, which is incloſed in the 
Fas immediately to the ſame Degree of 


PP eta an a ee Re RED 


Senſes; the Tops of Hills, though in the 


- Beſides, the Manner i in whth the OR uf 


* 


The moſt dlieratly' received Oz inion is, 
formed into Bubbles, filled with a Flatus, or 


riſe therein, till they meet with ſuch as is of 
the fame ſpecific Gravity with - themſelves . 


Firſt, How comes the Air in the Bubbles 


Water from whence they are raiſed, are equally, 
denſe over all its Surface? 
. Secondly, If it could be poſſible for rarer 


Air, to form the Bubbles (as Bubbles of ſoaped 
Water are blown up by warm Air from the 


Philoſophical Tranſactions, Ne 192. Cold 
x Taq; Olde 


2 
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Coldneſs, and ſpecific Gravity with itſelf; 
e being readily. communicated through / SG 


ch thin Shells of Water.) By which Means, 
the Bubbles would become ſpecifically heavier 
on the circumambient Air, and would no 


nger be ſupported therein; but fall down 
almoſt as ſoon as they were forte *. 


"Thirdly, If we ſhould grant all the "reſt of 
the Sky Pohle, yer the Mowing Difficulty 


thoſe Bubbles always expand when the ambi. 


ent Air is rarefied, and preſſes leſs upon them 


than it did before; and why are they not con- 
denſed, when the ambient Air is condenſed by 


the Accutnulation of the ſüperi erior Air * But ir | 


e 


Hi ay to eſtabliſh one of bi o . 
He obſeryes, with Sir Jaac Newton, . 


when by Heat or Fermentation the Particles 


of a Body are ſeparated from their Contact, 


their repulſive Force grows ſtronger, and the 


Particles exert that Force at greater Diſtances ; 
ſo that the ſame Body ſhall be expanded into 


* FEY, large Space, by l fluid; and 


5 4 $i e 


Will ſtill femain. If Clouds are made up of, "i 
Bubbles of Water filled with Air, why do not” 


* 


430 o 4 aal, ls Ha 


may ſometimes take. up more than a Million 
of Times the Room it did in 2 ſolid and in- 
compreſſible State. Thus, lays, h 
." = Partickes of Water are turned into Vapoùr, 
4 by repellin each other ae and repel 
4 Air more than they repel eac other ; | 


2 grogutes of ſuch Particles, made up © 3 5 


ar and Vacuity, may riſe in Air of different 
* ities, according to their own enſity . 


on their Degree of Heat. He 


| 2 farther, that Heat acts more power- 
fully on Water, than on common Air; for that 


the ſame Degree of Heat, which W Air 
two Thirds, will rarefy Water near fourteen 


7 Vapour, as it boils it. And in Winter, that 
ſmall Degree of Heat, which in Reſpect of our 


Bodies appears cold, will raiſe a Steam or Va- ä 
2 from * 5 the ſame Time that it 


condenſes Air. y, he obſerves, That the 


Denſity. and Rat Te this Vapour depends 


chiefly on its Degree of Heat, and but little on 


the Preſſure of the circumambient Air. From ; 


| Heat, muſt, neceſſarily be buoyed up into the. 
Atmoſphere; and fince it does not expand it- 


all which he infers, that the Vapour being 
more. rarefied near the Surface of the Earth 
than the Air is there by the ſame Degree o 


ſelf much, though the Preſſure of the incum- 
bent Air grows leſs, at length it finds a Place 


where the . 1s of the ſame ſpecific 


* 


6, i the 


wcuſand Times, changing it into Steam or 


e on the Outſide of the Bell, 


v Ws - * 
N [4 
4 22 * 


Dif, vl. 1 23K. 


Gravity with itſelf, and there floats, till, by ſome 
Accident or other, it is converted 2 
Drop s of Water, and falls down 1 in 


: Ad to few that Air is not — — 
the Formation — e e e uf 


n N. 
<6 D 375 is a 

«© ſel of — — muſt 

* Fire to boil. In this Veſſel muſt be 
ed the Glabs: Bell E, made heavy enough 
„ to fink in Water; but put in in ſuch a 
„Manner that it be filled with Water 
« upright, without any Bubbles of Air at its 
„ Crown within, the Crown being all under 


ﬆ Water, As 1 the Bell will 
emptied of its Water, the | 


% by Degrees be 


1% Water in the Bell el being preſſed daun, by 
the Steam chich riſes from it ; but, as; that 


«Steam has the Appearance of Air, Hye wal 


„ to know whether it be Air or not, take the 
#6, Veſſel off the Fire, and draw up the Bell 
« by a String faſtened to its Knob at Top: till 
„ only the Mouth remains SP Water; 
1 then as the Steam condenſes b 


1 riſe up into the Bell at F, quite to the Top- 
„ without- any Bubble above it; which ſhews 


_ <<. that the . e en rn 


10 5155 not 1 | 


,- A . , q 
* 
4 * : — ; - 7% 
* - — Y 4 A Sq, * , 
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y the cold Air 
Water will 


14 


* 


ow wy the OOTY wy Natel! 


This Hypotheſis. however plauſible it may 
appear, is 091g" were Difficulties, . well 
5 as che r, er mms fn vaitt 
FViyl, If the 5 Power of de Particles 
of Water is ſufficiently augmented by Heat as 
ſuch (and that by a very ſmall Degree of it) 
to make them recede from each other, and be- 
come ſpecifically lighter than common Air; 
how comes it to paſs, that all the Particles of 
Water, as ſoon as, or before it boils, have not 
their repulſive Forces thus augmented, ſince 
they are all under a much greater u e of 
Heat, than is neceſſary to raiſe Vapour? ?; 
©» Secondly,” Allowing that they may riſe off 
1 aum the Surface of the Water, and float in 
. . the'circumambient Air, as being lighter than 
| it, hy. do not their repulſive Forces, as they 
riſe up into the Air, and the ſuperincumbent 
Preſſure becomes leſs, drive them to greater 
Diſtances from each other, and ſo cauſe them 
to continue lighter than wo Air _ them at 
al Heights? of 
Thirdly, If the: Preſſure of the Air about 
them when near the Surface of the Earth, is 
not ſufficient to bring them into ſo cloſe) Con- 
tact, as to form Drops of Water there, what 
Force will they find ſufficient for it, when they 
{I are carried aloft into a Region of Air, where 
tte Preſſure is not near ſo great? The Doctor 
hits, that they are formed into Rain, „when 
3 by the great Diminution 8 the ſpecific Gra- 


þ 25 e 


4 


Diſf. VI. Aſcent of Hupours, &c. 233 
vity of the Air about a Cloud. it has a great 
« Way to fall, in which Caſe, he ſays, the 


% Ręſiſtance of the Air, which increaſes as 
««. the Square of the Velocity of the deſcend-.. 


Water to come withia the Power of each 
_ 44, other's Attraction, and form ſuch big Drops, 


«-as, being ſpecifically, heavier than any Air, 
% muſt fall in Rain.“ But as the inferior Air, 
from the Cloud to a conſiderable Depth below. 
it, Cannot he ſuppoſed to leave it all at once, 
the Vapouts muſt neceſſarily fall all the Way 


through a reſiſting Medium; ſo that the little 


Velocity the Cloud can acquire, While it is in 
the Form of Vapour, will nevet produce a 
Reſiſtance from the Air greater than the Preſ- 
ſure which the Vapours ſuſtained below. 


e 


Laſh. The Experiment, brought to make 


Way for this Hypotheſis, ſhews clearly, that 
Vapour, formed without the A fſiſtance of Air, 
is immediately condenſed into Water again, as 
ſoon as it is ſuffered to cool: Which is widely - 
different ftom what happens to Vapours buoyed - 


up into the colders Regions of the Ait, and 


floating there, till they fall in Rain. 


Theſe are all, or the principal Hypotheſes, 
that have been framed for the Solution of this 
common Phenomenon : Which, as they ſeem 
inadequate to the Effects produced, and there- 
fore unſatisfactory, I thought it not amils to 


1 Of ihe Emus ad Part I. | 


ſoggeſt to the Reader the chief Difficulties as; 
Wich I goneeive them to be attended. But as 
8 5+ js e e pull down, than to build up; to 
overturn a weak Hypothefis, than to raiſe and 
| ſupport a ſtrong and | /ifficient one; ſo, I maſt 
own, in this Caſe, I can think of no Wey of 
accounting for the Niſe of Vapours, according 
to the received Principles of 8 or 
fay wherein their Nature conſiſts. Upon this 
Account it is impoſſible I ſhould give 4 Phi- 
Jeſophical Account of their Reſolution into 
Rain: It muſt ſuffice juſt to mention the Cauſes 
which are obſerved < produce that Change, 
The firſt is, Part of the Air beneath them 
being carried away by contrary Winds blowing 
from the ' ſame Place ; the Remainder be- 
comes too light to buoy them up, and ſo the 
upper ones, in all Probability, precipitate down 
upon the lower ones, unite with them, and 
form mop; of Rev 42h ee is, great 
©. Quan». 
. aner it may de thought, that when the Air, which im- 
nds over any Place, is carried away from thence bs. — 
| _ the Vapours which- float in it ſhould be carried aw 
too and fo the few that remain ſhould be eaſily ſupported ; 
if they fall, ſhould not produce much Rain, - 
Now, in anſwer to this, it muſt be conſidered, that as the . 
ferior Air is carried away from any Place by contrary Winds, 
the Height of the Atmoſphere is dimini thereby; where⸗ 8 
13 
. urrent to u a „ W r 


its Contents of Vapour, affo a continual Supply for 
that falls. 
| + A remarkable Inſtance we have of this, in that Part of the. 
1 * Which the Sailors call the Raja, Me V. Z 


4 


- 
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Quantities of hem, being driven by he Winds 


againſt the Sides of Mountains, are thereby 


= 


[i 


made to coaleſce, and fo conſtitute rain “.. 


1 It 


| from the Frequent Rains that fall there; the Occaſion of which 


„ that the Atmoſphere. is diminiſhed by continual contrary 
Winds blowing from thence, ſo that it is not able to ſuſtain the 
Vapour it receives. I, ee 

VU pon this depends the Difference of the Seaſons of the Year 
at Malabar and Coromandel in the Eaſf- Indies, and at Famaica 
in the Weſt, See Dr, Gordon's Diſcourſe on the Cauſes of the 
Change of Weather, Philoſophical Tranſactions, Ne 49, 
« The Rivers of Indus and Ganges, ſays he, where they enter the 
% Ocean, contain between them a Gher/ſoneſus, which is di- 


_ _, *< yidedin the Middle by a Ridge of Hills, which they call the 
_ Gate, which run along 1 * Eaſt to Weſt, and quite thy | 
n 


„ to. Cape Comeri. e one Side is Malabar, and on the 


© other Coromandel. On the Malabar Side, between that 0 


„Ridge of Mountains and the Sea, it is after their App 

© tion Summer from September till Ari; in which Time it is 
% always a clear Sky, without once, or very little, Raining. 
On the other Side the Hills, on the Coaſt of Coremandel, it 
„is at the ſame Time their Winter, every Day and Night 
yielding Abundance of Rain; and from April to September it 
is on the Malabar Side their Winter, and on the other Side 
their Summer; So chat in little more than twenty Leagues 


1 in ſome Places, as where they eroſs the Hills to St. 


'* Thomas, on the one Side of the Hill you aſcend with a fair 
Summer; on the 2 N 
The like is faid to be at Cape Raralgate in Arabia. And Dr. 
% Frepbam relates the ſame of Jamaira, intimating that there 
vis a Ridge of Hills which runs from Eaſt to Welt, chrough 
the Midſt of the Iſland, and that the Plantatious on the South 
«+ Side of the Hills have, from November to April, a continual 


*« Summer, whilſt thoſe on the North Side have as conſtant a | 


Winter, and the contrary from April to Nowember; | 
From theſe and ſuch-like Accounts it ſeems evident, that a 


deſcend with a Rormy Winter: 


3 


— 
— 


bare ine the Atmoſphere's Gravity will not occaſion 
u 


% Rain, b 


#* of Winds, or a Ridge of Hills to meet the Current of the Air 
and Vapours, whereby the Particles of the Vapours are driven 
together, and ſo fall dowh in Drops of Rain. And hence 

tin _ ; , ; * . n 


t there is alſo needful either a ſudden Change 
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It is generally. thought, That if the Vapours: 
in their Deſcent paſs through a Region of Air 
ſiuafficientiy cold, they are there frozen into 

e SEE 
it is, that whilſt the Wind blows from the North- eaſt, vix, 
% from Nowember to April (ſee the Account of the Monſoons in 925 
the foregoing Diſſertation) “ there are continual Rains in the 
„ northerly Plantations of Jamaica, and on the Side of Coron. 
' _** mandel in the Eaft-Indies, becauſe the Winds beat againſt - 
„ fthat Side of the Hills; and ſo there is fair Weather on the 
; other Side of theſe Hills, in Malabar and in the ſouthern 
«Plantations of Jamaica, there being no Winds to drive the 
4% Mapours together; But in the ſoutherly Monſoons, viz. 
from April to November, Malabar and the foutherly Plantati- 
4% ons of Jamaica have Floods” of Rain, the Wind beating 
againſt that Side of the Hills, whilſt in Coromnratl, and the 
e other Side of Jamaica, here is fair and clear Weather. 

NO This ſerves alſo to Clear the Singularity of Seaſons in Peri, 
 *©beyond-any other Parts of the Bark and ſeems to be aſſigned 
= «. byiZcofta'as the Cauſe of it. Peru runs along from the Ling 

«© Southwaid'abouta thouſand Leagues. It is ſaid to be divided 
into three Parts, Jong and narrqw, which they call Lanes, 
« Fierrat, and Ander; the Laus, or Plains, run along the South 
«« Sea Coaſt; the Sierra are moſtly Hills with ſome Vallies ; 

; and che Fades ſteep and . e e Tano have 
"i % ſome ten Leagues in Breadth, in ſome Parts leſs, and in ſome 
. 4 more; the Sierras contain ſome twenty Leagues in Breadth, 

«© the Andes as much, ſometimes more, ſometimes lefs ; they 
«« run in Length from North to South, and in Breadth fro 
6 Eaſt to Wel This Part of the World is ſaid to have the 
% remarkable Things; 1. All along the Coaft, in the Laxos, i | 
% blows: continually with one only Wind, "which is South and 
“South -weſt, contrary to that which uſually blows under the 
4 torrid Zone. 2. It never rains, thunders, fnows, or hails i 
“ all this Coaſt, or Lanot, though there falls ſometimes a ſmall 
„Dew. 3. Upon the Auder it rains almoſt continually, though, 
© it be ſometimes more clear than others. 4. In the Sierras, 
* which lie between both Extremes, it rains from September tq 
**, April, but in the other Seaſons it is more clear, which jg 
„% when the Sun is fartheſt off, and the contrary when it ig 
«© neareſt, Now the Reaſon of all ſeems to be this; The eaſt- 
e ern Breezes, which blow conſtantly under the Line, bein 
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Icicles, and form Sriow. But this 0 piniop ſeems 70 
to be falſe ; becauſe it frequently ſnows, when { 


Barometer is high, at which Time the Vas || 


, 
o 


1 * 


the 


pours cannot begin dd R cle apereipts mow — | * 
probable, that they are firſt frogen into Ieicles, 
and by that Means, going forth into ſeveral 
Points every Way from the Center {agreeable 
to the Nature of .Freezing) ole their Form; 
and fo becoming ſpecifically heavier. than Air, 
fall down, and in their Paſſage,. ſeveral being 
congealed together, form Fleeces of Snow r. 0 
.. Hail is evidently no other than Drops k 
Rain congealed into Ice. This happens, when 
in their Paſſage. through the inferior Air they 
« ftopp'd in their Courſe by the Sierras and Andor, and yet the 
«ſame Breezes being to be found in the South-Sea beyond 
% Peru, as appears by the eaſy Voyages from Peri to the Pi- 
_ «« lippines, a Current of Wind blows from the South on the 
«© Plains of Peru, to, ſupply the eaſtern Breeze on the South- 
Seas, and there being but one conſtant Gale on theſe Plains, 
„and no contrary Winds or Hills for it to beat upon, this 
„% ſeems to be the Reaſon why the Vapours are never or very 
_ *© ſeldom driven into Rain. And the Ander being as high per- 
„% haps in many Places as the Vapours aſcend in the higheſt 
„Degree of the Atmoſphere's Gravity, this may probably be 
„the Reaſon, Why the eaſtern Breeze, beating eonſtantly 
** againſt theſe Hills, occaſions Rain upon them at all Seaſons 
« of the Year. And the Sierras being it ſeems lower than the 
« Aud, therefore from September to April, when the Sun ig 
„ neareſt, + and ſo the Atmoſphere's Gravity leſs, and the a2 
„ pours lower, they are driven Feind the Sierra: into Rain.“ | 
he like 1s to be ſaid of other Countries. They are all, cateris. 


— 


Parihus, more or leſs rainy, as they are more or lei moumtainous. 
Age, which is quite without, Mountains; has ſeldom or 
neyer any Rain; but is plentifull/ watered by the Mile, Which 
yearly riſes above its Banks, and overflows the Country. 
+ See a Diſcourſe. on the Nature of Shows Philols 
Tranſactions, No 92, b 
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to , contfibute 


5 wy Of th ** ke. Part _ 


9 meet with nitrous Particles, which are known 


greatly 'to Freezing. Their 
Magnitude is owing to a freſh Acceſſion 


Matter, as the 4 Son. Hence we ſee the | 
Reaſon wh) vent in Summer, 
becauſe at that Time greater NY Nitre 


are exhaled from the Earth, and Hogs yp and ; 

| . down in the Air. 15 
I the Vapours, after they are exhaled. from 
off the Waters, do not hey very high in the 
Atmoſphere, but hover near the Surface of the 
Earth, they then conſtitute what we. call a 


| - Fog... And, if they aſcend higher, they ſtill 


: appear in the ſame Form to thoſe, who, being 
upon the. Tops or Sides of Mountains, are a 
an equal Height with them; though to thoſe 
who are below, they appear as Clouds. 
If they fall to the Earth, without uniting 
into Drops large enough to be called Rain, 
e | 


See farther on this Subject, Der bam 5 Phy: 
Theolog. Book I. Chap. 3. and Book Il. 
Chap. 5. Spectacle de la ature, Dialog. 21. 
and 23. Nieuwentyt, Cont 19. Clare's 
Motion of Fluids. Regnault, Vol. fit. Con- 
verſat. 7, M rg Epitom. Phyſ. Ma- 
temat. Par. II. Cap. 24, Melabiar Verdries 
Phyſic. Pars ſpecial. Cap. V. $. 8. And the 
Authors referred toin Mr. abr Quan 
25 89 N IV. _ 60h 5 
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the Collifion of two Clouds, or otherwile, 
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HOSE Philot kd i maintain = ths 
Vapours are ty up into the Air, by _ 


Particles. of Fire —_ to them (as ex- 


in the foregoin ) account 
or the Phenomena of FT under and Lightning, 


in the following Manner: They ſuppole, chat 


from the, Particles of Sulphur, Nitre and other 


combuſtible Matter, which are exhaled from 


the Earth, and carried into the higher Regions 
of the Atmoſphere, to with the aſcend- 
ing Vapours, is formed an 1 inflammable Sub- 


ſtance; which, when a ſufficient uantity of 


fiery Particles is ſeparated from the Vapour by 


takes Fire, and ſhoots out into a Train of 


or ht, greater or leſs, according to the Strength 


and Quantity of the Materials. 
The Opilion is falſe” for the Reaſon wen- 
tioned in the foregoing Diſſertation, which 
lainly ſhow, that it is impoſſible the Vapours 


d be attended with ſuch hery Particles, 
as is der . 


Neither 


240 Of the Cauſes of Thunder Part l. 


Neither have we Occaſion to fly to ſuch an 


pot bels; for, as Vapours exhaled from the 


"Surface of the Water are carried up into the 
Atmoſphere; in like Manner, the Efluvia of 
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ee che Theory of Fermentation explained in the follows 
e ee eee 1» gon 1 8 
1 Monſieur Lemery having covered up in the Earth about fifty | 
Pounds of 'a Mixture compoſed of equal Parts of Sulphur,” and 
Filings of Iron tempered with Water; after eight qr nine Hours 
Time, the Earth, where it was laid, vomited up Flames. Hiſt. 
r ©15 anpagvhggteT 
From this Experiment we ſee the true Cauſe of the Fire of 
Etna and Jeſavius, and other burning Mountains. They pro- 
bably are Mountains of Sulphur, and ſome other Matter pro- 
per to ferment with it, and take Fire. From like Cauſes pro- 
ceed the Heat of Bath - Waters, and other hot Spring. 
Mixa ſmall Quantity of Gunpowder with Oil! of Cloves, pour 
gently upon this Mixture two or three times as much Spirit of 
itte, and you will, obſerve. a bright Inflammation ſuddenly 
ariſing from it. A Mixture of the two Fluids alone will take 
Fire; the Powder is added only to augment the Inflammation. 
Take two Pounds of Nitre, or refined Salt-Petre, well dried 
and reduced to the fineſt Powder, with a Pound of Oil of com- 
-mon Vitriol: From this Mixture may be drawn by Diſtillation 
4 Spirit of Nitre capable of inflaming Oil of Turpentine. 
Mem, de V Acad. 1726. p. 97, Cc. Put into a Glaſs an Ounce 
olf this Spirit of Nitre, with an Ounce. of Oil of Vitriol; pour 
upon it an equal Quantity of Oil of Turpentine, and a very 
fine Flame will ariſe ſuddenly with a great Exploſion. When 
the Liquors are freſh the Effect is much greater. If we mix a 
Dram of the Spirit of Nitre, and three of Oil of TORE 
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Dif. VII. and Lightning, &c. 241 
fore there happens to be a 22 Mixture of 
the Efluvia of ſuch Bodies floating in the 13 
Air, they. ferment, kindle, and flaſhing like 
- Gunpowder, occafion thoſe Exploſions, and 
Streams of Fire, which we call Thunder and 
Lightning. Sr Bae, 3 
A s to the particular Species of the Efluvia, 
which compoôſe this Mixture, that cannot ex- 
actly be determined; they are thought to be 
chiefly ſulphureous and nitrous: Sulpbur cout, 
becauſe of the ſulphureous Smell which Light- 
ning generally leaves behind it; and of that 
ſultry Heat in the Air which is commonly the 
Forerunner of it: Nitrous, becauſe we don't 
know of any Body ſo liable to à ſudden and 
violent Exploſion, as Nitre iss. 
** ( | . 
with only one of the Spirit of Vitriol, the Mixture will take 
Fire immediately. If the ſame Experiment be made with the 
Balm of Mecca, a ſudden Flame will ariſe, with a Noiſe like 
that of the Report of a Gun. | 
There are two celebrated Experiments of this Kind, though 
they do not come up exactly to the preſent Purpoſe, becauſe _. 
they will not ſucceed, unleſs the Ingredients be firſt heated, the 
done of Aurum fulminans, and the other of Pulvis fulminans. 
The firſt is a Mixture of Salt of Tartar, and Gold diſſolved by 
Aqua Regia. A ſmall Quantity of this, if put into a Braſs Spoon, 
and heated with the Flame of a Candle, cauſes a ſudden Noiſe 
reſembling that of Thunder ; and goes off with great Violence. 
The other is a Mixture of three Parts of Nitre, two of Salt of 
Tartar, aud one of Sulphur. This Mixture, when ſet upon the 
Fire, and warmed to a certain Degree, is diſſipated all on a 
ſudden with great Thundering, like the Aurun fulminans. _ 
. See an account of Exhalations taking Fire of their own 
1 2 in Coal-Pits. Powwer's Experimental Philoſophy, p. 62. 
181. | 2 
Pr. Lifer is of Opinion, That the Matter both of Thunder 
and Lightning, and alſo of Earthquakes, is the Efluwie of the 
Vor. I. | Q 6 Pyrites , 


2242 The Gauſes of Thunder, &c. Part Hl. 
„ The Effects of Thunder and Lightning are 
| owing to the ſudden and violent Agitation the 

Air is put into thereby, together with the 

8 Force of the Exploſion ; and not to Thun : 

derbolts falling from the Clouds, as ſuppoled 
by the Vulgar +. ELIE, „ 


Pyrites; as he is, that the Matter of Yolcano's is the Pyrites- 
itſelf. This is a Mineral that emits copious Exhalations, and is 
exceedingly apt to take Fire upon the. Admiſſion of Moiſture. 
See the. Hodder Defence of his Notion in the Philoſophical 
Tranſactions, Ne 157. He thinks this may be the Reaſon why 
England is ſo little troubled with Earthquakes, and Jraly, and 
almoſt all Places round the Mediterranean Sea, fo very much, 
Viz, becauſe the Pyrites are rarely found in England; and 
where they are, they lie very thin, in Compariſon of | 
dad in thoſe Countries; as the vaſt Quantity of Sulphur, emit» - 
ted from the burning Mountains there, ſeems to ſhew. 
Lightning is ſaid to have diſſolved Silver, without burning 
the Purſe it was in; and to have melted the Sword, without 
touching the Scabbard, and the like. The Occaſion of this 
may poſſibly be, that the Matter of the Exhalation may be fo 
ſubtle and penetrating, that, as we ſee it happens with que 
Fortis, or volatile Salts, it may pals through ſoft Bodies with- 
out altering their Texture, while it ſpends its whole Force on 
hard ones, in which it finds the greater Reſiſtance. . 
I Some are inclined to think, that Thunderbolts are arti- 
ficzal, and that they were applied by the Ancients to ſome Uſe, 
What confirms them in their Opinion, is, that they are found 
more frequently where Sepulchres have been, than in other 
Places. And, as it was the Cuſtom of the Ancients to have. 
their Arms buried with their Aſhes, they think they might be 
of ſome Uſe in War. Some are of Opinion, they were uſed in 
Sacrifices, See Melchior Verdries Phytic. Pars ſpecial. Cap. V. 
$.9. Weadelius Exercit, Med. Philol. Cont. II. Dec. L p. 103. 
\ Schminckias Prof, Marpurg. Diſſertat, de Urnis Sepulchralibus, 
& Armis 8 1 A. 1714. Herman Nunningius Sepulchret, 
Weſtphal, Mimigard. Gentil. p. 44. 75. Hear: Cobarſen 
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The Diſtance that Thunder is from: ng, may 
nearly be eſtimated by the Interval of Time 


Ns our ſeeing the Lightning, and hearing 


the Thunder. For, as the Motion of Light 15 | 
ſo very quick, that the Time it takes up, in 
coming to us from the Cloud, is not percep- 


tible ; and as that of Sound is about a thou 
ſand. Feet in a Second; allowing a thouſand 


Feet for every Second, that paſſes between our - - 
_ ſeeing the one, and hearing the other; we 
have the Diſtance of the Cloud, pretty W, 
from whence the Thunder comes. 8 
+. We ſometimes ſee Flaſhes of Li n 
thing h the Sky be clear and free from Clouds; 
in this Cafe te proceed from Clouds chat 
lie immedately [5 


ow our Horizon. 


Of Affinity wich the Phenomena of Li he- 


ning are thoſe of the Aurora Borealis, or 
| Zona Lights, which, of late Years, have ve every 


—_— appeared in our Climate *. 


ghts differ ſo much from each other, the to. 
* — a Deſcription of one alone, would not be 


: nr Kind: are reported to have been wow 


vent in Greenland, Iceland, and Norway, Countries near the 


Pole. The only ones, that are 5 Record, as having appear- 
ar 


ed in England, before that of 


. one appeared in Ireland. Since that of March the 


ch the 6th,” 1944, are thoſe 
of Januar the 30th, 1560, OZober the 7th, 1564, November 


| = and 15th, 1574, and a ſmall one ſeen near Loxdew on the 
Y 


of Auguſt, 39 5 On November the 16th, 8 th, ſmall 


174, 
they have W and ſtill continue . common. ; 


S 


. 


2244 | Of the Aurota Borealis. Part II. 
ſufficient to acquaint the Reader with all the 
Circumſtances wherewith they are attended. 
I ſhall therefore collect together ſuch PHEnůẽL - 
niena as have been moſt generally obſerved, 
and reduce them to the ten following Propoſt- 
tions, adding in the Notes, by Way of Speci- 

men, a full Account of that moſt remarkable 


«et. 


46 


\ 
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Aurora, which was ſeen March the 6th, '19=, 
as it was laid before the Royal Society by Dr. 
Halley, at their Requeſt TP. 
+ On Tue/day the 6th of March, in the year 1716 (the Af. 
4 ternoon having been very ſerene and calm, and ſomewhat 


warmer than ordinary) about the Time it began to grow dark 


(much about ſeven of the Clock) not only in London, but in 
all Parts of England, where the Beginning of this wonderful 
Sight was ſeen ; out of what ſeemed a duſky Cloud, in the 
North-eaſt Parts of the Horizon, and ſcarce ten Degrees high, 
the Edges whereof were tinged with a reddiſh Yellow, like as 
«* if the Moon had been hid behind it, there aroſe very long 


| « luminous Rays, or Streaks ndicular to the Horizon, ſome 
. 6 


of which ſeemed nearly to aſcend to the Zenitb. Prefently 


% northern Horizon intothe North-weſt, and ſtill farther weſter- 


ly; and immediately ſent forth its Rays from all Parts, now 
% here, now there, they obſerving no Rule or Order in their ri - 
* fing. Many of thoſe Rays, ſeeming to concur near the Zenith, 
1% formed there a Corona, or Image, which drew the Attention 
of all Spectators. Some likened it to that Repreſentation of 
Glory, wherewith ourPainters in Churches ſurround the Hol 
% Name of God. Others to thoſe radiating Stars, wherewith _ 
the Breaſts of Knights of the Order of the Garter are adorned. 
Many compared it to the Concave of the great Cupola of St. 
Paul's Church, diſtinguiſhed with Streaksalternatelylightand 
.obſcure, and having in the Middle a Space leſs bright than the 
reſt reſembling the Lanthorn. Whilſt others, to expreſs as 
*« well the Motion as Figure thereof, would have it to be like the 


66 
16 


9 Flame in an Oven,reverberated and rolling again the arched 


©, . Roof 


f 


Kart 


after, that reddiſh Cloud. was ſwiftly propagated along the 


Diff. VI. Of the Aurora Borealis. 24 5 
1 The moſt general Phenomena of an Aurora. 
Borealis are theſe that follow... 

1. In the northern Parts of the Horizon, 
there is commonly the Appearance of a Ty 
a | 3 black 


. 


% Roof thereof: Some 2 it liker to that tremulous Light, 
which is caſt againſt the nog 6. the Beams of the Sun, re- 
4 fleted from the Surface of the Water in a Baſon, that's alittle 
* ſhaken. But all agree, that this Spectrum laſted only a few 
„Minutes, and-exhibited itſelf variouſly tinged with Colours, 
© Yellow, Red, and a duſky Green: Nor did it keep in the 
fame Place; for when firſt it began, it appeared a little to the 
. «© Northward of the Zenith, but by Degrees declining towards 

„ the South, the long Striæ of Led which aroſe from all 
Parts of the Northern Semicircle of the Horizon, ſeemed to 
<< meet together, not much above the Head of Cafor, or the 
„northern Twin, and there ſoon diſappea re. 

„After the firſt Impetus of the aſcending Vapour was over, 
the Corona appeared no more; but ſtill, without any Order, 

ag to Time or Place, or Size, luminous Radii, like the former, 

«© continued. to ariſe perpendicularly, now oftner, and again 

«« ſeldomer ; now here, now there; now larger, now ſhorter. 
Nor did they proceed, as at firſt, out of a Cloud, butoftner_ 
«© would emerge at once out of the pure Sky, which was more 
«« than ordinary ſerene and ſtill. Nor were they all of the ſame 
„% Form. Moſt of them ſeemed to end in a Point 4 9h one | 
like erect Cones; others like truncate Cones, or Cylinders, 
„ ſo much reſembling the long Tails of Comets, that at firſt 
Sight they might well be taken for ſuch, Some of thoſe 
Rays would continue viſible for ſeveral Minutes; when others, 
1 . thoſe the much greater Part, juſt ſhewed themſelves, and 
 «« died away. Some ſeemed to Grey Motion, and to ſtand, 
as it were, fixed among the Stars, whilſt others, with a very 
40 n Tranſlation, moved from Eaſt to Weſt-under the 
Pole, contrary to the Motion of the Heavens; by which 
„Means they would ſometimes ſeem to run together, and at 
other Times to fly one another. ond 

After this Sight had continued about an Hour and'a half, 
© thoſe Beams began toriſe much fewer in Number, and not near 
41 fo high ; and by Degrees, that diffuſed Light, which had il- 

"yy | Qs 1 luſtrated 


them in their Aſcent producing alike tranſient | 
Zy this Particular we were firſt aſſured, that the Vapour we 

«4 ſaw, became conſpicuous by its own proper Light, without 
«« the Help of the Sun's Beams; for theſe 

_ _ «+ diſcover themſelves in any other Part of their Paſſage, but 


— x | : 


= 


| 
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black Cloud; but it is evident that it is no 


real Cloud, becauſe the ſmalleſt Stars are vi- 


ſible through it. This apparent Cloud is ex- . 
tended ſometimes farther towards the Weſt, 


ou S * 
g * 18 * 


4 luſtrated the northern Parts of the e ac ſeemed to 
t ſubſide, and ſettling on the Horizon, form 

* a very bright Crepuſculum. That this was the State of this 

„ Phenomenon, in the firſt Hours, is abundantly confirmed by 


the unanimous Conſent of ſeveral. For, by the Letters we 
<< have received from almoſt all the extreme Parts of the King- 


«© dom, there is found very little Difference from what appeared 
« at London and Oxford; unleſs that in the North of England 


4% and in Scotlaud, the Light ſeemed ſomewhat ſtronger and 
6% brighter: e p 


1 Hitherto I have related the Obſervations of others; as to 
„ myſelf, Thad no Notice of this Matter, till about nine of the 
Cock: I immediately. perceived towards the South and South 
<<, weſt Quarter, that though the Sky was clear, yet it was tinged 


% with -a ftrange Sort of Light; ſo that the ſmaller Stars were 


_ «« ſcarce to be ſeen, and much as it is when the Moon of four 


% Days old appears after Twilight. I perceived at the ſame 
% Time a oder pe Vapour to paſs before us, which aroſe from 
«© the preciſe | 

s to leave the Zenith about fifteen or twenty Degrees to the 


„ Northward., But the Swiftneſs wherewith it proceeded was 
. _ ** ſcarce to be believed, ſeeming not inferior to that of Light- 


«<< ning; and exhibiting as it paſſed on a Sort of 'momentaneous 
% Nubecula, which diſcover'd itſelf by a very diluted and feint 
«« Whitenefs; and was no ſooner formed, but, before the Eye 
could well take it, it was gone, and left no Signs behind it. 


Nor was this a ſingle Appearance; but for ſeveral Minutes 


«« about fix or ſeven Times in a Minute, the ſame was again an 

again repeated; theſe Waves of Vapour regularly ſucceeding 

«6 one another, and at Intervals very. nearly —_— all of 
ubeculg. 


| Nubeculz did not 


only between the South-eaſt and South, where beingopyotes 


the Reſemblance 


& Part of the Horizon, * o | 


- 
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than the Faſt; ſometimes farther towards 
the Eaſt, than to the Welt [ and generally takes 
up a Quarter of the Horizon, more or leſs. 
e 8 11 PEER 2} The 


5 


< to the Sun, they were deepeſt immerſed in the Cone of the 
EFarth's Shadow; nor were they viſible before or 1 | 
| © Whereas the contrary muſt have happened, had they be 
4% rowed their Light from the Sun. ; 2 
on the weſtern Side of the northern Horizon, wis. between 
Weſt and North - weſt, not much paſt ten of the Clock, I ob- 
e ſerved the Repreſentation of a very bright Twilight, con- : 
„ tipguous to the Horizon, out of which aroſe very long Beams | 5 
60 of Light, not exactly erect towards the Vertex, but ſomething *Y 
«« declining towards the. South; which, aſcending by > vice | ; | 
and undulating Motion to a conſiderable Height, vaniſhed in 
« a little Time; whilſt others, though at uncertain, Intervals, 
: „ ſupplied their Place. But at the ſame Time, through all rhe 2 
a Ty — of the northern Horizon, viz. from the North - weſt to 7 
the true Eaſt, there did not appear any Sign of Light to ariſe 
from, or join to, the Horizon; but what appeared to be an- 
«« exceeding black and diſmal Cloud, ſeemed to hang over all 
« that Part of it. Yet was it no Cloud, but only the ſerene Sky, - - 
* more than ordinary pure and limpid, ſo that the ** Stars 
ſhone clearly in it, and particularly Canuda Cygns, then ver 7 
low in the North; the great Blackneſs man proceeding 
«© from the Neighbourhood of the Light, which was collected 
above it. For the Light had now put on a Form n different 
from all that we have been deſcribing, and had faſhioned itſelf 
into the Shape of two Lamine, or Streaks, lying in a Poſition 
«© parallel to the Horizon, whoſe Edges were but Ill terminated. 
60 They extended themſelves from the North 1 Eaſt to the | 
„ North-eaſt, and were each about a Degree broad ; the under- - == 
„ moſt about eight or nine Degrees high, and the other about - = 
four or five be, pry over it; theſe kept their Places for a long 15 
«« Time, and made the Sky ſo light, that I believe a Man might 
ly have read an ordinary Print by the Help thereof, 
ilſt I was viewing this ſurpriſing Light, and ex ; 
« what was farther to come, the northern End of rhe upper La- 
«« nina by, Degrees went downwards, and at length cloſed with 
the End of the other that was under it, ſo as to ſhut up on the - 
. North Side an intermediate 2 which ſtill continued open 4 
. 0 | n 2 | 4 I 4 $6 6 
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248 Of the Aurora Borealis. Part II. 
2. The upper Edge of this Cloud (which 
is ſometimes within leſs, than fix Degrees of 
the Horizon, and ſometimes forty or fifty above 


20 tothe Eaſt, Not long after this, in the ſaid included Space, I 
e ſaw a great Number of ſmall Columns, or whitiſh Streaks," to 


«appear ſuddenly erect to the Horizon, and reaching from the 
ene Lamina to the other; which inftantly diſappearing, were 


#* too quick for the Eye, ſo that I could not judge, whether they 
« aroſe from the, under, or fell from the upper; by their ſudde! 
% Alterations, they made ſuch an Appearance, 4 we 


enough be taken to reſemble the Conflict of Men in Battle. 
% And much about the ſame Time, there began on a ſudden 

* to appear, low under the Pole, and very near due North, three 

* or four lucid Areas, like Clouds, diſcovering themſelves in ' 


te the but very black Sky, by their yellowiſh Light. Theſe, 
ö 8 ſo e hw had e 2 few 
Minutes, diſappeared as quick as if a Curtain had been drawn 
5 ver them: Ner were they of any determined Figure, bu 
both in Shape and Size we, properly be compared to mall 
Clouds illuminated by the full Moon, but brighter. 


Not long after this, from above the foreſaid two Lamine, 
11 there aroſe a very 75 Pyramidal Figure, like a Spear, ſharp | 


at the Top, whoſe Sides were inclined to each other, with an 


Angle of about four or five Degrees, and which ſeemed to 


* reach up to the Zenith, or beyond it. This was carried with 


an equable, and not very ſlow Motion, from the North-eaſt, 
<© where it aroſe into the North-weſt, where it diſappeared, ſtill 


keeping in a b un aries Situation, or og. near it; and 
re paſling ſucceſſively over all the Stars of the little Bear, did 


** not efface the ſmaller ones in the Tail, which are of the fiſtn 
Magnitude; ſuch was the extreme Rarity, and Perſpicuit7 


** of the Matter whereof it conſiſted. 
„his * Beam was very remarkable for its Height above 
** all thoſe t | 
that followed it. „ 
Alt being now paſt eleven of the Clock, and nothing new 
offering itſelf to our View, but repeated Pha/es of the ſame 
4% Spectacle; I obſerved, that the two Laminæ, or Streaks, pa- 
<* rallel to the Horizon, had now wholly diſappeared ; and the 


'* whole Spectacle reduced itſelf to the Reſemblance of a very 


| bright 
* | ; 


7 


. 


U 


* 


at, for a great While before, had preceded it, or 


| 


* * 
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it) is generally terminated with a very lucid 

Arch, from one to four or five Degrees broad, 
| whoſe Center is below the Horizon. Some- 


times 
k Fa : 


40 bright Crepu/culum ſettling on the Northern Horixon, ſo as to 
1 he brighteſt and higheſt under the Pole itſelf; from whence it . 
64 both Ways into the North-eaſt and North-weſt. Un- 

$6 ter this, in the Middle thereof, there appeared a very black - 
«©, Space, as it were the Segment of a leſſer Circle of the Sphere 
« cut off by the "Horizon. It ſeemed to the Eye like a dark 
% Cloud, but was not ſo; for by the Teleſcope the ſmall Stars 
«appeared through it more clearly than ufual, conſidering 
„how long they were: And upon this, as a Bat, our Lumen 
*<: Auroriforme reſted,” which was no other than a Segment of a 
Ring, or Zone of the Sphere, intercepted between two 

* rallel lefſer Circles, cut off likewiſe by the Horizon ; or the 
Segment of a very broad Iris, but of one uniform Colour, 
*< viz. a Flame-Colour inclining to Yellow, the Center thereof 
«© being about oy Degrees below the Horizon, And above 
* this there were ſeen ſome Rudiments of a much larger Seg- 
ment, with an Interval of Sky between, but this was ſo ex- 
. ** ceeding feint and uncertain, that I could make no proper 
© Eſtimate thereof. ” | i * | 


attended this Phenomenin till near three in the Morning, 


and the Riſing of the Moon: But for above two Hours toge» | 


*© ther it had no Manner of Change in its Appearance, nor Di- 
f*-minution, nor Increaſe of Light; only —— for verx 
* ſhort Intervals, as if new Fuel had been caſt on a Fire, the 
Light ſeemed to undulate and ſparkle not unlike the riſing of 
16. os e Smoak out of a great Blaze when agitated. But 
one Thing I aſſured myſelf of, that the [r:i--like Figure did by 
*© no Means owe its Origin to the Sun's Beams: For that about 
«three in the Morning, the Sun being in the Middle between 
„the North and Eaſt; our Aurora had not followed him, but 
ended in that very Point where he then was: Whereas in the. 
true North, which the Sun had long paſſed, the Light re- 
*© mained unchanged, and in its full Luftre.” | 
Appearances of this Kind have been taken Notice of both by 
Pliny, Seneca, and Ariſtotle; the laſt of which calls the vibrating 
Light near the Zenith Aa; the more ſteady perpendicular 
Streams, Anti; and the Aurora itſelf, from the apparent dark 
Cloud juſt below it X4opa. That Aurora which was obſerved © 


—— 


a % 
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times there are two or more of theſe Arches,. 


one above another. In ſome, the Cloud is not 


terminated by an Arch, but by a long bright 


by Monſieur Gaſſndi, in Provence, on the 21ſt of September, in 
the Vear 1621, was very remarkable at that Time. W 
He tells us, that about the End of Twilight in the Evening, 
when the Sky was very clear, and there was no Moon, there 
appeared in the North a Sort of a rifing Moon, which aſcend- 
ing by Degrees, became 1 with certain Streaks, as 
it were, or Rays perpendicular to the Horizon ; And that at the 
ſame, Time there appeared ſome ſmall pa/ing whitiſh Clouds 
between the South — the Place of the Sun's ſetting in Winter: 
And that in the Place where the Sun ſets in Summer, a bright 
Redneſs ſeemed” to ariſe in the Form of a Pyramid, which 
moved towards the ſetting of the Sun at the Equizox; and 
which was diſtinguiſhed into three ſeveral Pyramids, which in 
a little Time were confounded one with another, and at laſt - 
diſappeared. When this Redneſs ceaſed, the northern Whiteneſs . 
was riſen forty Degrees and more, that is about the Altitude of 
the Pole-Star, forming itſelf into an Arch, and taking up near 
. fixty Degrees of the Horiamn. After this, certain Chevrons, or 
Columns of Rays, ſome whiter, and ſome a little darker, began 
more plainly to be diſtinguiſhed, of about two Degrees in 
Breadth, and perpendicularly poſited ; fo that. all that Part a 
| Peared as it were fluted. The whole Circumference im 5 
ately appeared ſcalloped; and then ſome. of thoſe Columns 
which were in the Middle, and. that were the whiteſt, began as 
it were to leave their Places with great Impetuoſity, and inlefs 
than a Quarter of a Minute, raiſed themſelves almoſt to the 
Top, putting on the Form of Pyramids, which they would re- 
tain four or five Minutes. It was about nine of the Clock 
when the Arch of Whiteneſs began to decreaſe or fink ; at 
Which Time certain very white Streams of Smoak began to 
iſſue out from the Columns which were remaining under the 
Pyramids, and darting upwards with very great Rapidity 
ough the Pyramids, like Javelins, vaniſhed immediately _ 
when they came to the Tops of them. This Spectacle laſted 
about an Hour; after which the Whiteneſs ſunk down to 
about fix Degrees of the Horizen. . Vide Abregi de Gafſondz, 
Tom. V. p. 245» N : þ 1 
| his 


- 
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dcs of dt, 1yin ng parallel to the Horizon. 
The Limb of this luminous Arch, or parallel 
Streak, is not always even and regular, but 
ſinks lower in ſome Parts than in others. 
„Out of this Arch proceet Streams of 
Licht, generally ependicutr to the Hirizon, 
but ſometimes a fin inclined to it. Moſt of 
them ſeem to end in a Point, like Pyramid. 
or Cones; and often very much reſemble” the 
Tails of Comets, Sometimes there is no lumi- 
nous Arch, nor Streak of Light; and then 
the Streams ſeem to iſſue out from behind the 
dark Cloud, being diſtinct from each other at 
their 5 | 
4. The upper Ends of the Streams inceſſant- 
ly appear and vaniſh again, as quick as if a 
Curtain were drawn backwards and forwards 
before them; which ſometimes cauſes ſuch a 
Eeming n in the Air, that you would 


This 1 dra not only th Gafſendi, in Proves, 
but was ſeen at Places very diſtant from thence, as Talg, Man- 
| taubon, Bourdeaux, Grenoble, Dijon, Paris, and Roan, &c. and 
; at moſt other Places in France, and the neighbouring Countnes, 

that lie to the Northwards of Provence, unleſs where it was in- 

tercepted by Clouds; but no where in ſuch as lie at any great 
__ Diſtance to the Southward of it. | 

- Monſieur Gaſteds is thought to have given the Name of 
Aurora Borealis to this Phenomenon; but this is obſerved by 
Monſieur Mairan, to be a Miſtake. See Mr. Mairan's Phy- 
ſical and Hiſtorical Treatiſe of the Aurora Borealis, in 
. Memoires de Þ Academie Royale des Sciences, Annie 1731, or an 
AbſtraQ of 1 it in Philoſoph, Tranſact. Ne 431. 
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imagine the upper Part of the Heavens to bs, „ 


z⁊lẽãs it were, in Convulſions “. 


5. They ſometimes ſeem to meet in the 27 # 
nith, or more commonly to the Southward of 
it, about ten Degrees, more or leſs (ſometimes 
they deviate a little to the South-eaſt of the 
Meridian, and ſometimes to the South - weſt ;) 
and there curling round, in ſome Meaſure imi- 
tate Flame confined under an Arch; and being 


frequently tinged with various Orders of Co- 


lours, exhibit a moſt beautiful Appearance, re- 
ſembling a Canopy finely painted , of about 
ten or twenty Degrees in Breadth, . is 
In many Avurora's, there are Streams aſcend- 
ing from thoſe Parts of the Heavens, which lie 
ſeveral Degrees to the Southward of the Cano- 
px; and in ſome they appear to ariſe, though 
very rarely, almoſt as large .and numerous 
from the outhern, as from the i A ; 
of the Horizon. 
6. The Height of the "a Boreal is 
very great; for that of March the th, 1 
was viſible from the Weſt Side of Irelang, 
the Confines of Ruſſia and Poland on . 
Eaſt, and perhaps farther; extending at leaſt 
over "thirty ers of Longitude, 54 i in La- | 


2 > See their Motions well Aten in the Account we have 

of an Aurora in the Philoſoph. Tranſact. Ne 395. Art. 2. 
+ See the various Colours of the 25 6 as well as thoſe of 

re 0 


an Aurora itſelf, accuratel RN by , in Philo- 5 
* 11 Auen No 8 


tituds 


/ 
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titude from about the fiftieth Degree over al- 8 
moſt all the North of Europe, and at all Places 
exhibiting, nearly at the ſame Time, the fame _. 


_ Appearances. | 


7. Theſe Appearances have always been 
very frequent (as far as the Accounts we have 


of them inform us) in Countries that lie in, or 


near the frigid Zone, but very rare in thoſe 


of our Latitude; they are now become very 


frequent with us, but always ſeem to proceed 


„ 


from the North; and are as yet unknown to 


the Inhabitants of the more ſouthern Parts of 


our Hemiſphere. Whether they are ſeen to 
| thoſe, who inhabit in, or near the other frigid. . 


Zone, is to us unknown #*. 


8. In ſome there are Trains of Light run- 
ning horizontally, ſometimes from the Middle 


to the Extremes, and ſometimes from one Ex- 


treme to the other. And from theſe Trains 


often ariſe Streams perpendicular to the Hori- 


⁊on, and accompanying them as they paſs along. 
9. When all the Streaming is over, the Au- 
rora Borealis commonly degenerates into a 


bright Twilight in the North, and there gra- 


dually dies away. 


10. It is probable, that theſe Plænomena 


often happen in cloudy Nights, though we are 


not ſenfible of them for tis obſervable, that 4 


»They are now known to be as | OS in the ſouthern | 


Regions as they are in the northern. See Valens Obſerva- 


tions, in Capt, Ceot's Second Voyage, p. 209, 218, 343, 344 


in 
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in ſuch Nights there is frequently more Light 
than what uſually proceeds from the Stars 
alone. . | | ER 


The moſt obvious Solution of the Aurora 
Barealis, or at leaſt what would appear ſo, 
to ſach as have only attended to the Citeum- 
ſtances of ſome particular ones, and which has 


5 1 F * 
2 "A 
* 


accordingly been affixed by ſeveral“ to their 


Accounts of the Aurora's they have ſeen, is 


that it is a thin Nitro- ſulphureous Vapour, 


raiſed in our Atmoſphere conſiderably higher 
than the Clouds; that this Vapour by Fer- 
mentation takes Fire, and the Exploſion of 


one Portion of it kindling the next, the 


Quantity of Vapour within their Reach is ſet 


| Flaſhes ſucceed one another, till the whole 


Det” Profeſſor Cotes, at the End of Deſcription of a 1 


menos of this Kind, inſerted in the Philoſophical Tranſactions, L 


Ns 395, obſerves, that, ſuppoſing a Fund of Vapours or Exha- 


lations at a conſiderable Height above us to be diffuſed every ; 


Way into a large and ſpacious Plane, parallel to the Horizon, 
that Fund of fixed Matter by Fermentation will emit Streams; 
and that, if the Wind be Kill, they will aſcend perpendicularly” 


upwards; otherwiſe they will be inclined towards the Point of - | 


the Horizon which is oppoſite to that from which the Wind 
| blows; and that they will appear, by the Rules of Perſpective, 


in the firſt Caſe, to converge to the Spectator's Zenith, in the 


other, to ſome Point not far front it; and that if this Fund of 


Vapours be firuated more to the North than the South, it will 


produce Streams of Light, attended with ſuch Circumſtances as 


«then appeared: But he does not ſay, why the Vapours ſhould 
be fituated rather to the North than to the South, or proceed 


account for all the Phenomena of the Aurora Borealis in mc 
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Some have thought, that Vapours rarefied 
exceedingly by ſubterraneous Fire, and tinged ld 
with ſulphureous Steams, might from thence 

be diſpoſed to ſhine in the Night, and rifing+ 

up to the Top of the Atmoſphere, or even be- 

ond its Limits (as we find the Vapours of 

Gu powder, when heated in Vacue, will ſhine 

in the Dark, and aſcend. to the Top of the 
Receiver, thqugh exhauſted) might produce 

thoſe Undulations in the Air, which conſtitute 

this Phenomena. _* © 5 
But theſe Hypotheſes have been rejected, as 

inſufficient; it having been thought impoſſible 

to account for all the Circumſtances of the 
Aurora by them. 5 2 5 


In the Commentaries of the Academy of Sciences at Peter/+ 
Burgh, I find a late Solution of the Aurora Borealis from Exha- 
lations fermenting and taking Fire in the Atmoſphere, which 
the Author, Chr. Maier, ſays, octaſion the Appearance of the 
lucid Arch in the North, and thinks that the Streams, which 
ſeem. to. iſſue from thence, are no other than the Light of that 
Arch reflected to us from the under Side of ſome thin Clouds 

that lie above it. As to its appearing in the North rather than 
in the South, he ſup that wn, owing to the Cold of 
thoſe Regions condenſing the Exhalations, and thereby ren- 
1 more Hable to ferment than they are in the ſouth- 
ern ; but 1 ingenuouſly, that he has no Reaſon to 
ſuppoſe this, its being neceſſary to his Solution. At the 


End he tells us, That it was known in ancient Times as well! 
as lately : But omitstaking Notice, that itappears much oftener. — 
of late Years in our Climate than it uſed to do; and fo avoids 
accounting for that Particular. Vide Commentar. Academ. Sci- 


antiar. Imperial; Potrogolitan. Tom. I. p. 351. 
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Dr. Halley therefore has Recoutſe to the 
magnetic Effuvia of the Earth, which he ſup- _ 
Poles to perform the ſame Kind of Circulation 


With regard to it, as the Efluvia of any par- 


ticular Terrella & do with reſpect to that, vi. 


chat they enter the Earth near the South Pole, 


and pervading its Pores, paſs out again at the 


. . . fame Diſtance from the northern: And thinks, 
they may ſometimes, by the Concoutſe of fe- 


veral Cauſes very rarely coincident, and to us 
as yet unknown, be capable of producing 4 
ſmall Degree of Light, either from the greater 
| Denſity of the Matter, or perhaps from the 
greater Velocity of its Motion; after the ſame _ 
Manner, as we ſee the Eflivia of ENT 
Bodies emit Light in the Dark. 

Monſieur de Mairan has given u us a Phyſi 
os) and Hiſtorical Treatiſe of the Aurora Bo- 
realit, and endeavours to prove that it is owing 
to the Zodiacal Light, or the Atmoſphere of 
the Sun, ſpread on each. Side of it I the 
Zodiac in the Form of a Pyramid. This, he 


ſays, is ſometimes extended to ſuch a Lengtn 
s to reach beyond the Orbit of our Earth, and 


then mixing itſelf with our Atmoſphere, and 
"OG 12 an Heterogeneous Nature, produces 


Around wren fo called a fromthe Reſemblance i bears 
to the Earth. 


the 


*. 


* . 


| | 
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the ſeveral — which are.  obſerred ; 
* the eee Borealis 9. | 


— A — juſt en theſe. two . | 
becauſe they came from two very ingenious - 
Philoſophers; though I doubt not but the Rea- 


der will agree with me, that they are much 


too ſine ſpun to hold, and that they are no 
other than the ingenious Reverzes of Perſons 
determined to frame an Hypotheſis at any Rate. 
I queſtion not, but we may find Materials for 
the Aurora Borealis, without going fo far for 
them, as theſe Gentlemen have done; and in 
— that we have no Occaſion to have 
rſe either to the magnetic Effluvia of the 
Earth, or the Zodiaca Light, the Nature of 


both which we are wholly unacquainted with. 


The Materials employed in the firſt Solution 
mean ſuch EHuvia as are continually. ex- 
haled from the Surface and Bowels of the 
Earth) if tightly conſidered, will afford:a.very 
eaſy and natural one, as I ſhall ehdeavour to. 
ſhew in the following Manne. 

Firſt, we are aſſured by Experiment, that 
chere are ſome Steams (as inflammable ſulphu- 
reous ones) which are capable of ſo great a De- 
gree of Expanſion, that they will render them- 


+" = lighter than the Air they float i is though 


ebe his: 


Azzoumt at lare, refered o at the end of Now 


Page * 20 


- 
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it be a8 rate, as it can be made by Art; for 
they will riſe to the Top of the Receiver, when 
exhauſted , that is, when as much Air, as is 
 poflible, is drawn out g.: Such Steams there- 
fore, or Exhalations, riſing out of che Barth 
ftom Mines, Voleano's, | G. muſt neceſſarily 
be'buoyed up towards the Top 
ſphere, at leaſt, till they come to a * 

Where the Air is as rare and expanded, as it 
ext be made by the Hir here below. 
This Height, according to Dr. Halles Com- 
putation F, (which he founded upon the Air's 
Elaſtieity) is about forty or fifty Miles: But 
probably, it is much Se for the Air, 
which is higher than Vapours, and other H. 
#erogeneous Matter, that is not elaſtic, riſe to, 
being much purer than any we ean make Ex- 
periments upon, may be indued with a much 
greater Degree of Elaſticity, and ſo the Al- 
moſphere may be conſiderably higher, than 
5 9 — he, "hem! 1 n camputes it to 
o wie bas vis 
: Secondly, Theſe Dfluvia being taiſed to 
_ the Top of the Atmoſphete, or near it, and 
floating there, will neceſſarily be carried to- 
Wards the polar Parts thereof, for the follow 
15 Reaſons. 1. Becauſe the 1 LO 
dose Philoſoph. Tranſat, Ne 347: and 360. 11 
It is impoſſible to extract all the Air — of „ Vettel, be- 
| cauſe it is by the Spring of the Air remaining in the-Veſſel, 


that the Valred wf ihe Pum by are opened at each Stroke. 
$ Ls ak Tranſact. 181. | 


* 


of 


- 


of e Atmo- 


therefore neceſſarily be carried 71 the 
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of the Air, to a great Diſtance from tlie Equa» 
tor, is that Way n. 2. We know from Ex- 

periment, that whatever — — Wo 

which revolves: upon an Aris, is y car- 
ried towards that Axis. This is exactly the 


1 Caſe of theſe EHuvia, for they ſwim near tbe 


Top of the Atmoſphete which continually re- 
volves about the Hit of the Earth gj they muſt 


polar Parts thavopte wir D bub . 
- Thirdly; Theſe Effuvia debate -enllefied 
together at, or near the Poles, and of an in- 
flammable Nature, may eaſily be ſuppoſed to 


ferment, when they meet with other beterogt> 


neous ones proper to produce ſuch an Effect: 
and emit Streams of Fire; which Streams will 
naturally riſe up into ſuch Parts of the Atmo- 
_ - ſphere as are ſtill lighter than that wherein the 
Efluvia reſt, that is, directiy upwards from 
the Center of the Earth. But, according tothe 
Neules of Perſpectiue, thoſe Streams, though 
. they really diverge, as Radi from a Center, 
will appear to a Spectator on the Surface of the 
Earth to converge, towards à Point: Which 
Point will ſeem to be directiy over his Head, if 
the Streams aſcend in right Lines from the Cen- 
ter of the Earth: But if they deviate all one 
_ 4 that Wen the Point vm de on 
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chat Side the Zenith towards which they in- | 
. dine VP en ox 7h” 


To illuſtrate this; uppole ſeveral Strings 


| Fa: hung don from the Cieling of a Room, aide 


Candle placed upon a Table below them, the 
Shadows of them all will converge towards the 
Point that is over the Candle. And, if | 
are made to incline,” ſuppoſe all one Way, the 
Point of Convergency will remove from over 
the Candle, towards that Side of the Room to 
which the upper Ends of the Strings incline: 
Now if a perſon had viewed them from the 

Place where the Candle was, and referred their 


Places to the Cieling, they would have ſeemed 


Point be taken ſuch, that the 


t to him to have coliverged: —_— the e 
= where the Shadows did. 

And if the Streams odd: — as 
ue ariſe, but not too much, they will never 
theleſs appear tapering towards the upper Ends, 
like Cones or Pyramids; juſt as the Ades of a 


Jong Walk ſeem to a on that views them TH 


| * This may may be made to appear in dhe followiog ans — 
ADB (Fig. 38 4 repreſent the Concave of the Heavens AB the 
Horixcu, C C ihe lace of the SpeQator, 'TV a luminous Subſtance 
 fending forth the parallel Streams EG, LM, NO, Ce. - Theſe 
Streams will all ſeem to converge towards the Point B, if that 
Bike DC drawn from thence to 
the Spectator's Eye, be parallel to the Streams. For 1 
che Stream EG will ſeem to riſe from eto „LM from / to. 
and FH from F to h; and ſo of the reſt. nd NO will appe 
_ wholly in D, the Place to which the reſt ſeem to ——— | 
And if the Streams are as large, or ſomewhat larger at the upper 
Ends, than at the lower, they will till + Bye. leſs there, 
7 Tnds oP fartheſt OM, the 8 
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NF Gwe of it, or from a diſtant Place, 

to approach each other at _ rn is fartheſt 
This being n weney nom accoutit” 
for the ſeveral Phenomena of the Aurora B- 
realis before laid down. As, | 

1. The Blackneſs of the Sky, Which gene 
rally appears in the northern Parts of the Ho- 


Brightneſs of the luminous Matter of the Au- 


ſſmalleſt Stars are ſeen 


generally that of a Curve: For, by the Rules 


rora juſt above it. That the Sky is clear here, 
is evident (as was obſerved before) booauls the : 
„ L 

2. The lucid Arch immediately above, i is the E 
luminous Matter of the Aurora itſelf, which 
ſometimes exhibits the Appearance ef a Curve, 

ſometimes of a ſtrait Line, according to its 
Form and Situation in the Atmoſphere, though 


of Perſpectivs, when a ſtrait: Line is diſtended. 
6 horizontally, and above the Spectators Eye, 
it ought. to appear bent into a Curve, whoſe 
Center is below the Horizon . Sometimes 
it. appears on one Side che narth Paint, more 
= Thus, when a Perſon ſtands fronting a Row of Houſe 


looks over the Tops of them, if chey are all of an equal (ro 
that Houſe which is is neareſt him, wil | ſeem to cut the Heavens in 


2 Point that will be higher than where it is cut hy a of the reſt; ; 


and the Points where the Heavens will ſeem to be cut by the 
Tops of thoſe, which are on the right and left Hand of the 
Spectator, will deſcend lower and lower, as the Houſes are far- 
ther off; ſo that on Points, _ al — will preſent ; 
a Curve, 9 . | 

* 1 7 : R 3 "#7 4 than 


— 


. 


rixon, like a dark Cloud, is occaſioned: by the” | 


TOs ſeem, for the Reaſons already laid down, to 
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than on the other; ſometimes regular, 
times itregular, as the various Circumſtances | 
of the Air's Motion at the Top of the Atmo- 
ſphere, and of the nen . the ane | 
| Matter, may be. ne AR 
3. The Streams 8 Light fg of the: 

lucid Arch, are Streams of Fire emitted up- 
wards from the Matter of. the Aurora,: and: 


ſome⸗ 
* 
» 


cConverge towards che Zenith of the Spectator. 
Why they incline a little ſometimes from the 
Perpendicular, will be explained in the fifth 
| Remark, where we account for the Situation 
of the Canopy. When no luminous Arch ap- 
pears,” it is probable that it is intercepted: by 

the Horizon, or by the Vapours een nt 
* great Quantities therein. 
The trembling obſerved in * Pn Parts 
0 Heavens, is owing to the Quickneſs 
Wherewith the Flaſhes ſucceed one another, 


the ſuperior Parts of the Atmoſphere.” 


| of the to the irregular Motions and Agitations 
0 
5 


5. 80 long as the luminous Matter of the 

Aurora is all of it towards the North of us, 
the Streams cannot ſeem to meet in a Point at 
| the Top, as will appear to any one that conſi- 


ers the Figure referred to in the Note (p. 260 * 
but after it has advanced forwards, or become 


kindled over our Heads, then they appear to 
meet, and form the Canopy already deſeribed; 
and when it has paſſed further * 90 E | 


S* + 
1 8 755 628 
Fer. | 
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Which it rarely, if ever, paſſes. The Reaſon i 
hy the Center of the Canopy is 


Rs from all Parts; though they are much 


| fainter on the ſouthern than on the northern 
, to long as the main Body of the Aurora - 


1 on the northern Side of the e Canopy, 


erally a 


few Degrees to the South, of the 


a little from the middle. ones; and, as 


which appear to us, proceed chieff from — 
ſouthern Side (that being neareſt 8 us) the 
Point of Convergency wi | neceſſarily. be p laced 
to the South of our Zenith, according to 2 — 5 


| 85 ſaid above about the Inclination of the 


ings hanging from the Cieling of a Room. 


2 if the Center of the, Canopy. is. ES to 
the Eaſtward, and ſometimes to the Weſtward _- 


of the Meridian, that depends upon the Mo- 


* 


tion of that Part of the Ar, Which is above 
the Subſtance of the Aurora, and through 


which the Streams paſs, as they riſe. This 


alſo it is that makes the Streams deem to ariſe 


ſometimes a little obliquely, . 


| Acco ng to this Theory, the Center of the Canopy v Wi 
always be near the Spektatec! i Zenith, wherever he is; which 
I believe is the Caſe, for I have met with no Accoutt where 


it is otherwiſe; and ſo every Spectator ſees a different Canopy, 


juſt ab, When feveral Perſons are viewing à Rainbow,” no two 
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tor's 

Zenith & is, becauſe the luminous. Streams, 
which iſſue forth from the extreme Parts of the 

Subſtance of the Aurora, will naturally ts 5 : 


FOR 


ths. 0 1a Nurots zortalis. Part II. 


6. The great Height of the Aurora is ow- 
"ag to the exceeding Lightneſs of the Effuvia, 
"which compoſe the Subſtance of it (as ex- 
plained above) and the darting of the Streams 

upwards, into Regions perhaps quite above 
the Atmoſphere, occafions it to exhibit at 
diſtant Places the fame Apperances at * 
Thy Time. 5 
. That the Mears appears near the Pole, 
1 and never at or near the Equator; is becauſe. 
8 of the Tendency the Matter of it has towards 
wee Poles, as — above. And that it 
appears in Places more diſtant from the Polt, 
than it dan did, is becauſe the Efltuvia, ; 
Which are now raiſed from the Earth, are 
prevented from approaching ſo near the polar 
Parts of the Atmoſphere, as they uſed to do; 
thoſe Parts peing already ſtocked with others, 
Which were raiſed,” and are now 
Eo effete by e F er "and 
ofions. © * - 
The berizontal Trains of Lb are hs | 


which runs from one Part to another, as in 4a 
Train of Gunpowder kindled in any one 
Fart; and ſends up Streams perpendicularly. | 
from Places, where it meets wit th a greater 
| Quantity of Matter than ordinary, 5 
9: When the Matter of the Aurora is 10 far 
| ſpent, as to emit no more Streams, it appears 
"ON bn os 5 2 __ * in the e 
which 


ene of thi” eee e Fire, 


Diſſ. VII. Of *be Aurora Borealis. 265 


which gradually dies away, for Want of freſh 
Fewel to ſupport it. 
10. the Vapours, of which Clouds are 
formed, never raiſe ſo high, as where the Mat- 
ter of the Aurora Borealis floats; it is not at 
all inconſiſtent with the foregoing Theory, if 
it is ſometimes intercepted from our wind by 
4 the 8 of Clouds below. 


55 nber on this Subject, Adder Ned 3M 
Lib. I. Cap. 4, 5- Plini Hiſtor. Natural. 
Cap. 26, 27. Senec. Queſt. Natural. Lib. I. 
Tyco. Prodigiorum ac Oftentorum Chronicon, 
$ m. Julius Obſequens de Prodigiis, Cap. 
7 09 43. 88. * pn Animadverſ. in Dive. 
TLaert. Lib. X. p. 1157. - Cornelius Gemma 
de divinis Nature Characteriſmis. Nicepbari 
Hiſtor. Eccleſiaſt. Lib. XII. Cap. 37. id. 
_ Hiſpal. Hiſtor. Goth. Tom. I. p. 65. Bibli- 


L — 2 Orientalis Clementino-Vaticana, Tom. IJ. 


1 407 Gregor. Tur. 

Acad. des inſcriptions & Belles Lettres, 
Tom. IV. p. 431, Miſcellan. Beralin. Tom. I. 
p. 137. Theatr. Comet. Stanif. Lubienietz, 
p. 264, 348. Mem. pour ſervir a I'Hiſtor. de 
France, Tom. I. p. 168. Mem. de Acad. 
Royal de Sciences, for almoſt each Year ſince 
1716. Philoſoph. Tranſ. Ne 30g, 310, 320, 
72 _ 3495 350. 352, 303» 355» 368, 

3% 5s 395, 398. 399, 492, 410, 418, 
4 : 45 and the Authors reterred to by Mr. Jobu- 
on, ih his Re Philoſoph. Cap. IV. 3 7 . 


paſſim. Mem, de Lit. 


-, 


and Keil, + particularly, are of 
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' tations, to add a ſhort Account of the Nature 
of it, and to. ſhew-how:thoſe Effects are N- 
duced by it. N l 


Fermentation is a cntual . of the | 


conſtituent Particles of Bodies, one among ano- 


ther; and ariſes from an Inequality in their 
Attractions of Coheſion. Authors diſtinguiſh | 


it into two Kinds; the one is that we Ky pe 
be When a Solid is diſſolved by a Fluid; t 


r is, When two Fluids, being mixed to- 


Leid. ferment with each other. 

Thoſe Authors, who have treated of the 
fiſt of theſe, tell us, That to cauſe a Fermen= 
tation between a Solid and a Fluid, ſeveral 
Circumſtances, are neceſſary. Dr. Frrind , 


1. That che Particles of the Solid muſt at- 
tract thoſe of the Fluid with a greater Force, 


than the Particles of the F ld ane oo | 
another. a ; : | ITY 


+4 


„ See his Chemical L F | wht 


oy See his Ls to Dr. ee, De tags Brains. 


4 Fo * 


F 


4% 
89 
. 


4. had 8 ſome of 
the Effects of Fermentation, it may not 
amiſs, before I put an End to theſe Diſſet - 


Opinion, 4 f 
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2. That the Pores of the Solid muſt not be 
too ſmall to en the Particles of the Fluick 
into them. 


ture, that the Force of Impact, with Which 
the Particles of the Fluid ruſh into its Fotes. 
be ſufficient to diſunite its Parts. 
. That the Elaſticity of the Particles tends 
very much to Fenn _ nent the 
Fermentation eg 
Dr. Boerbaave makes a four Conditions 
requiſite ®.. 

1. That there be a das N "FN 
the Size of the Particles of - the Fluid, and the 
Pores of the Body to be diſſolved. 

2. That the Figure of the Particles of the 
Fluid have a determinate Relation to that of 
the Pores of the Solid. 3 

That the Particles of the Fluid wh ſuff⸗ 
ci ſolid, that their Moment, or Farce: of 
Action, may not be too weak. | , - 


3. That a Body'be. of 0 looſe a Ss. 2 


4. The laſt Qualification he mentions, is 


a ft Diſpoſition of the Particles of the Fluid, 

when received into the Pores of the Solid, 0 

make ſome Stay there, and not immediately 
to paſs through ;- but to act every Way upon 


the Solid, as they move wean ths external. 
Surface thereof. | 


, 19 
I SW | 
A a0 1 


| b * Dr. eee, e ve, 


9 
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But wer have no Occaſion to have Recourſe 

ta ſo many Suppoſitions: I the Particles of tbe 

Solid attract thoſe of the Fluid with a greater 

+ Degree of Force than either thoſe of the Fluid, 
or thoſe of the Solid attract one another *, it 

is ſufficient; and there will follow a Diſſolution C 

of the Body, as may clearly be demonſtrated I 

from the Laws of \Mechanics, whatever the 2 


ether Circumſtances, relating to the Figure or 
Fe. may be +. 74 Mn 4 by 
600% eee 


8 This may be thought an impoſſible 2 for the 
| Farce of Attraction of Cohefion being as the Surfaces of the 
attracting Particles, whatever Size or Form the Particles of the 
Solid and Fluid are of, there cannot be a reater Quantity of: 
Surface between every two Particles, one of which is a Particle 
olf the Solid, and the other a Particle of the Fluid, than there 
is between every two Particles, which are either both of the 
Solid, or both of the Fluid; and therefore the Particles of the 
lid cannot attract thoſe of the Fluid with greater Force than 
either thoſe of the Solid or thoſe of the Fluid attract one another. 
But ĩt is to be conſidered, that we are not fo well acquainted with 
the Nature of the Attraction of Cohefion, as to determine exa#ly- 
in what Manner, and by what Laws it acts. The Experiments 
made Uſe of for this Purpoſe, only ſhew that ſo long as we try 
them with the ſame Kind of Bodies, the Attraction is larger 
where the Contact is ſo. See Part I. Chap. III. Butwe have 
no Method of determining, whether the Difference of Attrac- | 
tion, which various Bodies exert upon one another, ariſes ſolely 
from a Difference in their Surfaces, or not. FADE: 


Magnitude of Pores, 


7 


I Dem. Thus, let /, /, f, Cc. (Fig. 39.) repreſent a Series of 
the Particles of a F 4 40d 75 4 * N Series of thoſe of a 
ſolid Body, contiguous to one another: And let the pricked 
Lines , J. Cc. repreſent the Forces of Attraction be | 
the Fluid Farticles one among another, and 52, 77, Wc. th 
of the ſolid ones among themſelves; and let the black Lines 
. V, of, Es. expreſs thoſe! which are between the fluid and 
0 | ſolid Particles, Now, the latter Forces being by the Suppo- 


* 


\ 3 . eng Ban the former, the fluid Particles will 1 — 


Wa. 
* L L 


P 1 
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When a Solid is put into a Fluid, if their | 
Particles have the above-mentioned Relation 
to each other, thoſe of the Solid being at: 
tracted with greater Force towards the Fluid. 
than they are the contrary Way, they will fall 
off from the Solid, and enter in between the 
Particles of the Fluid; and for the like Reaſon, 
thoſe of the Fluid wil open to thetnſelves aa 
MWay in between thoſe of the Solid, aud will | 
ſeparate them from each other. Neither will 
their reſpective Motions ceaſe, unleſs their 
en 10697 135 An % 90 0 IB} wall 81 (1108 
from each other, and ſuffer thoſe of the Solid to enter in 
tween them; and for the ſame Reaſon the ſolid Particles w 
_ give Way to thoſe of che Fluid. By which Means,' the Diſ- 
_ tances repreſented by the pricked Lines becoming greater, the 
5 2 9 which they expreſs, will be diminiſhed; fo that the 
aid Particles will enter quite in between the folid ones, and 
the ſolid ones between the fluid ones; and both of them toge+ 
r will .conſtitute ſuch. a Series; as is repreſented: in Tigers 
4, in the middle Row , /, 7, f, Ve: where the ſolid and flu 
articles lie mixed interchan one with another in à right 
Line. Now let it be ſuppoſed, that this Series 4s contiguops to 
on which. confiſts wholly of Fluid above it, as is — 1 — i 
the Figure, and ta another below, conſiſting of folid Particle 
only. Every ſolid Particle in this Series will be attracted up- 
f wards with greater Force, than it is downwards; and every 
_ Fluid one with 8 downwards than it is upwards, as 
appears by bare Inſpection of the Figure, where the black Lines, | 
as in the former; expreſs the ftronger Attractions, and the = 
ricked ones the weaker, And, if we ſuppoſe the Number of 2 
articles in the Solid and in the Fluid to be nearly equal, thoſe 
of the Fluid will not ſtop, till they have quite paſſed tlirou 
the Solid: for they will always find a Series wholly conſiſting 
of ſolid Particles before them, whilſt that which they leave 
behind will be a Mixture of both + In like Manner, the ſolid 
© ones will paſs quite through the fluid ones; for they will al- 
ways meet with more fluid ones before them, than they leave | 
behind within the Sphere of their own Attraction. 


Qua 


$355 - 


2% f Ferment. Furt If. 
Quantities be very unequal, till hey are dif. 
fuſed uniformly one among another, as we | 


may very eaſily conceive; for till then there 
will always be ſome — attracted with a 


greater Degree of Force one Way than they 
% 20905 Brin rig oav aro Bo | 
ad if mob ef the-Solid: be added to this = 

| Fhuid; the Particles of the Fluid will alſo en- 
ter into that Solid) till each is ſurrounded of 
all Sides with ſolid Particles, as far as its at- 


tractive Force reaches. After which the Fluid 


will (as they 279 be Saturated, and will eee : 
no mate. 8 A 
Again, if more ol the Fluid be 1 upon 
. that Solid, the ſolid Particles will diffuſe them- 
b ſelves farther into the Pluid, till each of them 
| is encompaſſed with Particles of the Fluid, as 
: fly as its attractive Force extends; and then 
they will ſpread themſelves no farther.. 
But in either Caſe, if another Solid, or 
Fluid, the attractive Force of whoſe . 
differ from thoſe of the former, be added, a 
freſh Fermentation will begin, provided the 
attractive Forces between the Particles of the | 
former Mixture, and of thoſe which are rio 
added, have ſuch a Relation to each other, : 
d is neceſſary to produce it. {419 
__ *,, Upon this Principle it old 1 "thas's a 
7 Fluid ſhould always be capable of diſſolving 
more than an equal N of a Solid; hy: 
that a Solid ſhould: be capable of entering in 


us | and 
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and diffuſing” itſelf throught” more chan an 5 
P [Quantity tity of Fluid. The Reatoti why 


k not fo, is, becauſe it commonly - 
robs that the Fluid and the Solid are*not 


of equal ſpecific Gravities When the Solid 


is heavieſt, ſo many of its Particles will not 
aſcend and enter into the Fluid, 8 would £ 
otherwiſe have done; and on the contrary, 
when the Fluid is heavieſt, the Weight of 
its Particles will be an Impediment to theic 
riſing into, and diſſolving ſo much of the 
Solid, as it otherwiſe might have done. 

We have no Occaſion to diſtinguiſh Fermen- 
tation into two Kinds, with regard to its Cauſes; 
| for according to the foregoing Theory, when- 

ever two Fluids, or a Solid and a Fluid, are put 
together, if the Particles of the'one attract thoſe 


of the others with greater Force. than either 


thoſe of the one or, thoſe” ob the other attract 
themſelves F ermentation wall” egttz//y enſue, 
the Cauſe being the fame in both, Caſes. 

When two#*Flaids; or A Solid and a Fluid, 
ferment with each other, i the Agitation and 
inteſtine Motion of IS Particles be very 
great, or continues a long Time, and if the 
Subſtance of them be of the inflammable Kind, 
they will, by continually rubbing one againſt _ 
another, be ſufficiently heated to take Fire, 
and burſt out into Flame; as. was ſaid of the 
ſeveral Compoſitions mentioned | in the fore- 
| going Diſſertations, 
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Of the Nature * Propegatv of Light. 


| treating of the Nature of Fluids, I have 
mall Particles of Matter collected toge - 
ther, and acted upon 
of Mechaniſm; the Order of my Defign now 


me to ſhew how, according to the ſame 


Laws, ſuch Phenomena as reſult from the 
Emiflion of infinitely ſmall Particles from lu- 


minous Bodies are produced; which Pheno- 
mena, being the Means whereby the Images 
of external Objects are repreſented to our 
Minds, by the maden of our Organs af 
Vor. * 8 "Wo bad : 3, | 


explained ſuch Phenomena as. reſult from 
according to; the Laws 


| Place. 


274 | Of the Mature and Part III. 
Sight, are for that Reaſon called Optical, and 
the Docttine by which they are explained, ib 
Science of Optics *. 

Every viſible Body emits or reflects incon- 
ceivably ſmall Particles of Matter from each 
Point of its Surface, which iſſue from it con- 
tinually, (not unlike” Sparks from a Coal) in 
ſtrait 1 and in all Directions. Theſe Par- 
ticles entering the Eye, and ſtriking upon the 
Retina (a Nerve expa Ted on the back Part of 
the Ee to receive their Im pulſes); excite in our 
Minds the Idea of 1 And as they differ 
in Subſtance, Denſity, Velocity, or Magni- 
tude , they produce in us the Ideas of differ- 
ent Colours; as will be explaped 3 in its proper 


.* 7 . * 7 —_ * } 
„ + 0 Þ Fo * * — ; That 
; * 


7 


ru The bas af of Optics i is ene Aang 4 into two Parts, 
VIE, 9 under which is comprehended every — that 
relates to the Appearances of Bodies ſeen through tranſſ — 
Subſtances, and eee or what relates to the Sin of Bodies 
by reſſected Light. To theſe we may add a third, which properly 
comes under neither of the former DiftinQions and that is, 7 12 
Docbrine o ae Calonrs, which explains every thing that relates to the 
Cauſes of the Diverſity of Colours obſervable in natural Bodies. 


It is more probable, that they differ either * Magnitude, 
or Denſity, than in Velocity or Subſtance. For, if the Differ- 
ence of Colours ariſe from the different Velocity of the Rays of 
Light, then the Colours of Objects would appear changed to an” 
Eye placed under Water, or witkin any Medium differing from the 
Air in Denſity ; For when a Ray of Light paſſes out of a Medi- 
um into another of different Denſity, it undergoes an Alteration 
in its Velocity, as will be explained hereafter. And to ſuppoſe 
chem to differ in Subſtance, is contrary to that Uniformity of 


3 i Things, which is obſetrable in the Unhrerſe3 az well whe: 


MY 2 1 * 
Wo 2 - py 
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before it has loſt the leaſt 


which from the Experiments hit 


That the Particles, which conſtitute Light, 


are exceedingly ſmall, appears from hence, 


viz, that if a Hole be made through a Piece 
of Paper with a Needle, Rays of Light from 
every Object on the farther Side of it are ca- 
pable of paſſing through ĩt at once without the 

leaſt Confuſion; for any one of thoſe Objects 

may as clearly be ſeen through it as if no Rays 
paſſed through it from any of the reſt. Fur- 
ther, if a Candle is lighted, and there be no 
Obſtacle in the Way to obſtruct the Pro 
its Rays, it will fill all the Space within two 
Miles of it every Way with luminous Particles, 
ſenſible Part of its 


Subſtance thereby. | | 
That theſe Patticles proceed from every 


Point of the Surface of a viſible Body, and in | 


all Directions, is clear from hence, viz; be- 


nant to that Homegeneity in the inp rimogeneal Parts of Matter, 

erto made, is thought to exiſt 
every where. Whereas, if we ſuppoſe them to differ either in 
* yn or Denſity, nothing is more eaſy than to ſee how thoſe 
of the ſame Kind ſhould; however refracted, produce the ſame 
Colours; and alſo how thoſe which produce Akerent Colours, 


ſhould ſuffer different Degrees of Refraction in paſſing through 


the ſame Medium. As to the firſt; it is ſelf-evident, becauſe - 


Refraction cannot alter their Magnitudes or Denſities; as to the 
ſecond, it is probable, that the more intenſe and ftronger Co- 
lours, the Rays of which ſuffer the leaſt Refraction, are produ- 
ced by the larger, or more denſe Particles of Light: For, that 
ſuch Particles thou 


Id be leſs refracted than others, is quite con- 
ſonant to the Laws of Attraction of Coheſion, which, as it acts 


in Proportion to the Surfaces of Bodies only, muſt neceſſarily 


affect the larger, or the more denſe Particles leſs than it does 


the reſt ; becauſe ſuch have larger Momenta or Forces in Pro- 


2 cauſe 


greſs ok 
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5 1 where · ever a Spectator is placed with re- 
gard to the Body, every Point of that Part of 
the Surface which is turned towards him, i is vi- 
fible to him. That they proceed from the Body 
in right Lines, we are aſſured, becauſe juſt ſo 


many and no more will be intercepted | * their * 


Paſſage to any Place, by an interpoſed Object, 
e #: 9 Object ought to intercept, ſuppoſing 
| them to come in ſuch Lines. 
The Velocity, with which they proceed | 
35 the Surface of the viſible Body, is no leſs 
ſurpriſing than their Minuteneſs: The Method 
whereby Philoſophers eſtimate their Swiftn ſs, 
is by Obſervations made on the Eelipſes of N 
piter's Satellites, which Eclipſes appear to us 
about ſeven Minutes ſooner than they ought to 
do by Calculation, when the Earth is E446) 
between the Sun and him ; ghat is when we 
are neareſt him, and as mu later, when the 
| Sun is between him and us, at which Time we 
are fartheſt from him; from whence it is con- 
cluded, that they require about feyen Minutes 
| to paſs over a Space equal to the Diſtance be- 
_ Tween the Sun and us, which i is about eighty- 
| =o TION of Miles”. To | 
A Stream 


* This affords us an6ther Proof of the e Finenef of 
the Particles of Light; for the above-mentioned ity of the 
Rays is conſiderably more than a Million of Times greater thay 
that of a Cannon Ball. Were they not therefore inconceiva 
ous * Eye would be rather — than 1 "id 


: 


A Stream of theſe Particles iſſuing from the 
Surface of a viſible Body in one and the ame 
Direction, is called a Ray of Lig. 

As Rays proceed from a viſible Body in all 


Directions, they neceſſarily become thinner. 
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© » 


and chinner, continually ſpreading themſelves, 


as they paſs along, into a larger Space, and that 
in Proportion to the 8 


from the Body“; that is, at the Diſtance of 
two Spaces, they are four Times thinner, than 


they are at one; at the Diſtance of three Spaces, 
nine Times thinner, and ſo on: The Reaſon of 


which is, becauſe they ſpread themſelves in a 


twafold Manner, viz. upwards and downwards, 


as well as ayes 


ch; FT tender Flowers of Plants would be * far from 


of their Diſtances - 


being cheriſhed by them, that they would be torn in ves | 


* not able to Rand fore them. 


This 8 is * 1 thus; let 


us conceive two concentric, Surfaces ABD, and KEG (Fig, 1.) 


2 in theſe, two ſimilar Portions ELFI, and AHBK ; let the 


Bays CE and CF, with the reſt proceeding from the Center C, 
upon the Portion ELFI, and cover jt ; it is evident from In- 
fern of the Figure, that the ſame Rays at the Diſtance CH 
will cover the Portion AH BK only; now theſe Rays being the 
ſame in N umber at each Place, will be thinner in the former, 
thaw they are in the latter, in Proportion as that is larger than 
this ; but theſe Spaces being ſimilar Portions of the Surfaces of 
Spheres, bear the ſame Proportion to each other, that the Sur- 
— themſelves do, that is, they are to each other as the 

_— es of their Radi: CL, CH; the Rays therefore are more 
"diffuſed, or thinner in-Proportion to the Squares of the ſame 
Radii,. = of their Diſtances from the luminous Point C. 


VE.» 
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The Particles of Light are ſubject to the 
Laws of Attraction of Coheſion like other ſmall 
Bodies, for if a Ray of Light be made to paſs 
by the Edge of a Knife, it will be diverted from 
its natural Courſe, and be infle&ed towards the 
' Edge of the Knife. The like Infection hap- 
pens to a Ray when it enters obliquely into a 
denſer or rarer Subſtance than that in which it 
was before, in Which Caſe it is ſaid to be re- 
fracted; the Laws of which Refraction are 
the Subject of the following Chapter “L. 


The Carteſan Notion of Light, was not, that it is propa - 
ated from luminous Bodies by the Emiſſion of ſmall Particles, 
that it was communicated to the Organ of Sight by their 
Preſſure upon the Materia Subtilis, with which they ſuppoſed the 
Univerſe to be full. But according to this Hypotheſis, it could 
never be dark; becauſe when a Fluid ſuſtains any Preſſure, if 
that Fluid fills all the Space it takes up, abſolutely, without leay- 
ing any Pores, which is the Caſe of the ſuppoſed Materia Sub- 
tilts ; then that Preſſure muſt neceſſarily be communicated equally” 
and inflantaneouſly to every Part: And therefore, whether the 
Sun were above or below the Horizon, the Preſſure communi- 
cated, and conſequently the Light, would be the ſame. And 
farther, as the Preſſure would be inſtantaneous, ſo would the 
Light, which is contrary to what is collected, as we obſerved 
above, from the Eclipſes of Jupiter's Satellites, wy 


* 9 . 


8 
= 
5 
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32 CHAP. by 


Cl the. 0 of Refradtion, EE the © 
Law by which": 10 for forme: fo 


Hatever- Subſtance g Ray of Lide 
paiſes through, or if it paſſes through a 
Space void of all Subſtance, it is ſaid by Phi- 
loſophers * through a Medium; and there- 
fore if it paſſes out of any Subſtance, as Air or 
Glaſs, into a Vacuum, or the contrary, it is ſaid 
to paſs out of one Medium into another. 
All Bodies being endued with an attractive 
Force, which is extended to ſome Diſtance - 
beyond their Surfaces ;*when a Ray of Light 
paſſes out of a rarer into a denſer Medium (if 
this latter has a greater attractive Force than 
the former, as is commonly the Caſe , and 
what we ſhall hereafter always ſuppoſe; unleſs 
it be mentioned to the contrary) the Ray juſt 
before its Entrance will begin to be attracted 
towards the denſer Medium, and this Attrac- 
tion will continue to act upon it, till ſome 
Time after it has entered the Medium, as we 
ſhall ſhew by and by; and therefore if a Ray 
approaches a denſer Medium in a Direction 
perpendicular to its Surface, its Velocity will 


In oily and infammable Bodies it happens otherwiſe ; be 
they are obſerved to attract more frongly than others of 
greater Denſity, - | 

$4 be 


be continvally accelerated during its Paſſage 
5 ace in which that Attraction ex- 
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through the 
erts itſelf; and therefore, after it has paſſed 
that Space, it will move on, till it arrives at the 
oppoſite Side of the Medium, with a greater 
Degree of Velocity 
tered; So that in this Caſe its Velocity only will 
be altered. Whereas, if a Ray enters a dender 
| Medium obliquely, it will not only have its Ve- 

locity augmented' thereby, but its Direction 
vill become leſs oblique to the Surface. Juſt 


as when a Stone is * downwards obliquely 
from a Precipice, it falls to the Surface of the 
Ground in a Direction a to a ee 
'  eular one, than that with which it was 21 
from the Hand. From hence we ſee a Ray 
„ Light, i in paſſing out of a rarer into 1 
NMealium, is refracted towards the Perpendicu- 
ur; that is, ſuppoſi erpen- 
ddicularly to the Surface of the Medium, through 
the Point where the Ray enters, and extend- 


ng a Line drawn per 


| ed both Ways, the Rays in paſſing through 


the Surface is refracted or bent towards t 


, mal Line; or, which is the * 
bing, the Line which it deſcribes by its Mo- 
tion after it has paſſed through the Surface, 
makes a leſs Angle with the "Perpendicmlar, 
than the Line it deſcribed before. All which 
may be illuſtrated in the following Manner ; 


* 


than it had before it en- 


1 1 
*%. 4 


9 


Ch. 2. The Cauſe of Refraction, We, 28. 
Let us ſuppoſe, firſt, that the Ray paſſes 
out of 4 — into the denſer Medium AB 
CD, (Fig. 2.) and that the attractive Force of 
each Particle in the Medium is extended from 
its reſpective Center to a Diſtance equal to that 
ich is between the Lines AB and EF, or AB 
and GH; and let KL be the Path deſcribed by 
a Ray of Light in its Progreſs towards the den- 
fer Medium. This Ray, when it arrives at L, will 
enter the attractive Forces of thoſe Particles 
which lie in AB, the Surface of the denſer Me- 
dium, and will therefore ceaſe to proceed any 
longer in the right Line KLM. but will be di- 
verted from its Courſe by being attracted to- 
wards the Line AB, and will begin to deſcribe 
the Curve LN, paſſing through the Surface AB 
in ſome new Direction, as OQ, thereby making 
a leſs Angle with a Line, as PR drawn perpen- 
dicularly through the Point N, than it would 
have done, had it proceeded in its firſt Direc- 
. SENT Oren a ae 0 
Farther, whereas we have ſuppoſed the 
attractive Force of each Particle to be ex- 
_ tended through a Space equal to the Diſtance 
between AB and EF, it is evident the Ray, 
after it has entered the Surface, will ſtill be 
BH attrafted downwards, till it has arrived at 
8 the Line EF; for till that Time there will | 
not be fo many Particles above it, which will 
attract it upwards, as below, that will at:. 
tract it downwards, So that after it has en- 


CY 


; 1 
1 


equally every Way; and therefore will at 1 


— ſuppoſing the 705 TS paſſing 01 out of the 


tered the Surface at N, in the Direction O: 
it will not proceed in that Direction, but will 
continue to deſcribe a Curve, as Ns, after 
which it will proceed ſtrait on towards the 

oppoſite Side of the Medium, being attrated: 


roceed in the Direction XST, till nearer * 
K PR than before. 1 

Now if we ſuppoſe the Space ABYZ n not to 
be a, Vacuum, but a rarer Medium than the 
other, the Caſe will {till be the ſame; but the 
Ray will not be ſo much refracted from its recs. 
tilineal Courſe, becauſe the Attraction of the 
Particles of the upper Medium being in a con- 
trary Direction to that of the Attraction of thoſe 
in the Lower one, the Attraction of the denſer: 
Medium, will in ſome wenn oh mm | 
"Pp that of the rarer... 4 

On the contrary, when a Ray paſſes an 
of a denſer into a rarer Medium, if its Direc- 
tion be perpendicular to the Surface of the, 
Medium, it will only loſe ſomewhat of its 
Velocity, in paſſing through the Spaces of At- 
traction of that Medium (that is, the Space 
wherein it is attracted more one Way than it 
is another.) If its Direction be oblique, it 


Will continually recede from the Perpendicu- 


lar during its Paſſage, and by that Means have 


its Obliquity increaſed, juſt as a Stone thrown 


up obliquely from the Surface of the Earth 
increaſes its Obliquity all the Time it riſes. 


denſer 
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denſer Medium ABCD into the rarer ABYZ,: 
when it arrives at S it will begin to be attracted” 


downwards, and ſo will deſcribe the Curve 


SN L. and then proceed in the right Line LK. 
making a. larger Angle with the Perpendicular; | 
PR, than the Line TSX, in which it proceeded 
during its Paſſage through the other Medium. 
The Space through which the Attraction of 
Coheſion of the Particles of Matter is extended 
is ſo very ſmall, that in conſidering the Progreſs, 
of a Ray of Light out of one Medium into an- 
other, he Curvature it deſcribes in paſſing. 
through the Space of Attraction is generally 
neglected ; and its Path is ſuppoſed to be bent, 
ar, in the uſual Terms, the Ray is ſuppoſed to 
be refracted only in the Point where it enters 
| the denſer Medium. THF 
Now the Line, which a Ray deſcribes be- 
fore it enters a denſer or a rarer Medium, is 
called the Incident Ray; that which it de- 
ſcribes: after it has entered, is the Refratted' 


The Angle comprehended between the In- 
N Ray and the Perpendicular; is the Aug 
of Incidence; and that between the Refracted 
Ray and the Perpendicular, is the Angie of Re- 
an. 4 . 

There is a certain and immutable Law or 
Rule, by which Refraction is always perform - 


ed; and that is this: Whatever Inclination a 


Ray of Light has to the Surface of any Medi- 
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always be the ſame in that Medium 8. 


— —— i, — 6 


Au, and ABEF the Space of ; 
Ray about to enter the Force of Attraction at H, and let GH 
de produced to M. Now it is evident, that in this 2 75 


= 
\ \ * 
* 
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um before it enters it, the Degree of Refraction 
will always be ſuch, that the Proportion be- 


tween the Sine of the Angle of its Incidenee. 


* 


and that of the Angle of its Refraction, will 
e 1 57 . Ms 
Leun. If from a Point as M (Fig. 4) taken any where 


without the Circle PNQ,, a Line as MP be drawn paſſing thro? 
L the Center of the Circle, and terminated in the Circumfe- 


- rence at P, the Product of * n 


the Difference between the Squares ML and PL. 
Demonſtration of the Lemma. Draw MT to touch the Circle 


in T, and join LT. LT is equal. to LP (Def. xx 


1 
therefore the Square of LT is equal to the Square of 155 | 


but (18 EL 35 the Angle at T is a Right ry wherefore 


erence be- 


(47 El. 1.) Square of MT is equal to the 


tween the Squares of ML and LT; it is therefore equal to the 


Difference between the Squares of ML and PL: now (36 El. 3.) 
the Square of MT is alſo equal to the Product of M 111 
MP; conſequently the Difference between the Squares of ML 
and PL is equal to the Product of M into MP. 9; B. D. 


| _ - Demonſtration of the Propoſition. When a Ray of Light paſſes 
through the Space of Attraction of any Medium, it is — 5 


that its Motion will be fubje& +6 the like Laws with that of 
Prije&iles, provided we ſuppoſe it to be acted upon with an 
equal Degree of Force during its whole Paſſa 22 that 
Space, as 15 commonly ſuppoſed to be the Caſe in Projeciles, s 
*whatever Height they are thrown from the Earth. We Will 
therefore put a Caſe as nearly parallel as may be to that Which 
was demonſtrated of ProjeFiles in the ninth Cha ter of the 
firft Part; and ſuppoſe firſt, that the Force of Attrattion' of the 
denſer Medium is at all Diſtances the ſame as far as it reaches, 
and that the Ray proceeds out of a denſer into a rarer Medium ; 
in which Caſe it will be artracted back towards the denier M.. 


fi tion, 


Vic Ray whenat H, is in the nme Circumſtantes with a —f 
FSR = | 75 . Jecki 


, * ; . 
, — 
0 | Ws / . 


denfer Medium; let GH be a Ray of 


*4J N . 


pa 


Jen. about to be thrown upwards from H towards M, it will 


therefore deſcribe a Portion of a Parabola as HI; to which the 


Line HM will be a Tangent at H; and the Line IK, in which 


- it would proceed after it has paſſed the _ of Attraction, a 

Tangent to ir at I; for after 2 left the attractive Force at 
I. it goes trait on in its laſt Direction. Let the Perpendicu- 
lar IR be drawn meeting G H produced in M, and let K I be 


roduced to L. On the Center L with the Radius LI, de- 


ribe the Circle AQ let fall the Perpendicular LO upon MR, 
and join the Points Land N. Now it is demonſtrated in the 
romp — Projectiles, that the Parameter of the Point H is equal 


to I- and therefore the Parameter multiplied, by MI is | 


equal to HMq. And it is there farther demonſtrated, that the 
d Parameter is equal to four Times the Height which a Body 


muſt fall from, to acquire the Velocity which the 2228 has at 
H; this Parameter 8 is a Quantity not at a 

on the Direction of the ProjeQile, but on its Velocity only; 
and conſequently in the preſent Suppoſition it is a given Quan- 


tity, the Ray GH being ſuppoſed. to have the ſame Velocity, 


whateyer is its Inclination to the Surface AB. Now the Tan- 
gent KI being produced to L, will by the Property of the Pa- 
rabola, biled"the other Tangent HM, wherefore the Line LO 
being parallel to HR, MR will alſo be biſected in O; and add - 


+> 


to IR; but the Line IR is alſo a Line independent of the Tncli- 
nation of the Ray GH, its Length being determined by the 
Breadth of the Space of Attraction ABEF only, and therefore 
AN is a given Quantity. Now, whereas MI, when multi- 
plied by the Parameter of the Paint H, which before was ſhewn 
to be a given Line, is equal to the Square of HM, therefore the 
ſame L MI, when multiplied by any other given Line (viz. 
MN) if it is not equal to, willnevertheleſs bear a given Pro- 
ears a given Proportion (vi. a Proportion that does not depend 
n the Incl Bs. of a4 Ray 8 ) to the Square of M H, its 
qual, iz. the Product 8 multiplied b 
og What is equal to this, the | 


= 


To illuſtrate this, Let us ſuppoſe ABCD 
(Fig. 3.) to repreſent a rarer, and ABRF a 
Lighe 


depending 


ing the 9 15 Lines OT and ON to each Part, MN will be equal 


ag to the Square of HM; But ſince MI multiphed by VN 


y MP (37 Bl. 3.) 
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2 Proportion to the Square of M 


à given Proportion to 


8 


peaſſing chrough the firſt and entering the ſecond 


at H, and let Hl be the refracted Ray; then 


ſuppoſing the Perpendicular PR drawn thro 
the Point H, on the Center H, and with any 


ML and PL (by the foregoing Lemma), or, which is the fame 
Thing, of ML and LI, (becauſe PL and LI are Radii of the 
fame Circle) does ſo too. Now the 775 of ML bears alſo a 


H) conſequently there is a given Proportion between the 
Square of ML and the Difference of the Squares of ML and LI; 


and therefore there is a certain Proportion between the Lines 


themſelves, wiz. between ML and LI. But in every Triangle 


the Sides are proportional to the Sines of their oppoſite Angles, 
has 


therefore in the Triangle MLI, the Sine of the Angle LM 
Ss Sine of the Angle LIM, or of its Com- 
lement to two right ones MIK (for they have the ſame Sine:) 
But LMI being an Angle made by the incident Ray GH, pro- 


duced: with the Perpendicular RM, is the Angle of Incidence, 
und MIK being made by the refracted Ray IK, and the ſame 


Perpendicular, is the Angle of Refraction, therefore in this 
9899 is a conſtant Ratio between the Sine of the Angle of 

Incidence, and that of the Angle of Re fraction. wa 
Wie have here ſuppoſed that the Force of Attraction is every 


where uniform, but if it be otherwiſe, provided it be the ſame 


every where at the ſame Diſtances from the, Surface AB, the 


Proportion between the forementioned Sines will ſtill be a given 


one. For, let us imagine the Space of Attraction divided into 


parallel Planes, and the Attraction to be the ſame through the 
Whole Breadth of each Plane, tho? different in different Planes, 
the Sine of the Angle of Incidence out of each will, by what 


has been demonſtrated. above, be to the Sine of the Angle 


of Refraction into the next in a 5 4 Ratio; and therefore, 
| e 


fince the Sine of the Angle of Refraction out of one, will be 
the Sine of the Angle of Incidence into the next, it is evident 


that the Sine of the Angle of Incidence into the firſt, will be in 


a given Ratio to the Sine of the Angle of Refraction out of 
the laſt. Now let us ſuppoſe the Thickneſs of theſe Planes di- 

miniſhed in infnitum, and their Number proportionally in- 
creaſed, the Law of Refraction will fill continue the ſame; 
and therefore whether the Attraction be uniform or not, there 
will be a conſtant Ratio between the Sine of the Angle of Inci- 
ence and of Refraction. Z. D. 6 


Radius 


Fi 


(ML being equal to half 
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Radius deſcribe the Circle APBR, and from G 
and I, where the incident and refracted Rays 
cut the Circle, let fall the Lines GK and II. 
perpendicularly upon the Line PR, the former 
of theſe will be the Sine of the Angle of Inci- 
dence, the latter of Refraction. Now if in 
this Caſe, the Ray GH is ſo refracted at H, 
that GK is double or triple, &c. of IL, then 
whatever other Inclination the Ray GH might 
have had, the Sine of its Angle of Incidence 
would have been double, or triple, Cc. to that 
of its Angle of Refraction. For Inſtance, had 
the Ray paſſed in the Line MH before Refrac- 
tion, it would have paſſed in ſome Line, as HN 
afterwards, ſo fituated that MO * have 
been double or triple, &c. of N | 
When a Ray paſſes out of a Vacuum into 
Air, the Sine of the Angle of Incidence is 
found to be to that of Refraction, as 100036 
to 100000. | ; 


When By paſſes out 'of Air into Water, as 
about 4 to 3. 
When out of Air into > Ola, as s about 17 to 
1. 
When ab Air into a | Diamond, as about 
51 to 2. 
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0 the > Refratiion of Light. in paſſiug ing 
tbro Plats and ſpherical Surfaces. 


* 8 Rays of Light are 8 of having 
their pr ogreſs altered by Refraction or 
Reflection, it is : poflible they may acquire va- 
rious Inclinations and Directions different from 
thoſe which they had at their Emiſſion from 
the: Surfaces of viſible Bodies. 

When they recede from each $A as * 


paſs along, they are faid to Gverge; and the 


1 they proceed from is called the Radiant 
eint. 

When they proceed towards: any Point ap- iN 
prosching nearer together in "their Progreſs, 
they are then ſaid to converge; and the Point 
3 which they tend, is called the ee 

This Focus may be either real or ; 
nary ; it is ſaid to be real, when the Rays ac 
mally proceed to it; but if they are intetcepted 
in 28 Progreſs, or turned another Way be- 
fore they reach i it, it is called their —_— 
Focur. Yo 

Sometimes it happens, that Rays are fo re- 
fracted or reflected, that they proceed after 


_ © wards, as from ſome Point, which is not their 
true N 


e 2 cus. 


adiant, then alſo that Point i is callyd their 


2 


When 


Ch. 3: The RefraGion of Light, &e. 289 
When they proceed in parallel Lines, they 
are then called parallel Rays; and both their 
Focus and radiant Point is ſuppoſed to be at 
an infinite Diſtance. - - | 

When Rays paſs out of one = ® into 
arg they ſuffer various Alterations in their 
Motion. All which are expreſſed in the 
eighteen following Propoſitions; 


I. When parallel Rays fall obliqu eiy on a 
Plain Surface of a Medium of different Denſity; 
they are parallel alſo after Refraction. For 
having all the ſame Inclination to the Surface; 
they ſuffer an equal Degree of Refract ion: 
Mt. When diverging Rays paſs out of a rarer 
into a denſer Medium through a plain Surface 
; they are made thereby to diverge leſs: 

For being all refracted towards their reſpec- 
tive Perpendiculars, (but thoſe the moſt that 
are the moſt oblique to the Surface;) they are 
brought nearer to a Paralleliſm among them- 
ſelves; that is, they are made to divergs leſs 
than before, 

See this and the following 205 expreſſed 


more determinately, and denionfirated in the 
N ote below *, 


III. When 


1. When Rays paſs out of one Medium into another of 
different Denſity through a A in Surface; if they diverge; 
the focal Diftance will at of the radiant Point; if they 


Vor. I. 


converge, it will be to char of Bs ne Focus of * 5 
dent 


\ 
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III. When they proceed out of a denſer into 
a rarer Medium, the contrary happens ; for then, 
being refracted from their reſpective Perpendi- 
culars, and thoſe the moſt that are the moſt 
oblique, they are made to diverge more. 
. IV. 80 


dent Rays, as the Sine of the Angle of Incidence is to that of 
the Angle of Refraction. N 
This Propoſition admits of four Caſes. 04 
Ca 1. Of diverging Rays paſſing out of a rarer into a denſer 
dium. | | | | 
Dem. Let X (Fig. 10.) repreſent a rarer, and Z a denſer Me- 
dium, ſeparated from each other by the plain Surface AB; ſup- 
poſe CE and CD to be two diverging Rays proceeding from 
the Point C, the one 1 to the Surface, the other 
oblique; through E w'the Perpendicular PK. The Ray 
CD. being perpendicular to the Surface will proceed on in the 
right Line CQ, but the other falling on it obliquely at E, and 
there entering a denſer Medium, will ſuffer a Refraction towards 
the Perpendicular EK. Let then EG be the refracted Ray, 
and produce it back till it interſects DC produced alſo, in F; 
this will: be the focal Point. On the Center E with the Ra- 
dius EF, deſcribe the Circle AFBQ, and produced EC to H; 
draw HI the Sine of the Angle of Incidence, and GK that of 
Refraftzon, and which is equal to FP or CM. Now if we 
ſuppoſe the Points D and E contiguous, or nearly fo, then 
will the Line HE be almoſt coincident with FD, and therefore 
FD will be to CD as HE to CE; but HE is to CE as HI to 
CM, becauſe, the Triangles HIE and CME are ſimilar; that 
1s, the focal Diſtance of the Ray CE is to the Diſtance of the 
Radiant Point, as the Sine of the Angle of Incidence is to 
that of the Angle of Refraction. 2. E. 95. vi, 
Obſ. 1. Whereas the Ratio of FE to ME, or which is the ſame - 
Thing, that of nD to CD bears the exat Proportion of HI to 
CM, and becauſe this, (being the Ratio of the Sine of the Angle 
bf Incidence to that of the Angle of Refraction) is always the 
Same, the Line In is in all Inclinations 75 the Ray CE, at the 
jane Diſtance Fes CM; — ad CE been coincident 
«vith CD, -the Point H bad fallen upon n; and becauſe the Circle 
paſſes through both H and F, F-would alſo have fallen upon h 


4 upon 


: 4 
4 5 d 
7 ' 2 


3 
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IV. So when converging Rays paſs out of 
a rarer into a denſer Medium, through a plain 
Surface, they are made thereby to converge 


For 


| _ «which Account the Focus of the Ray CE would have been there. 
ut the Ray CE being oblique to the Surface DB, the Point H is at 
ſome Diftance from n; and therefore the Point F is neceſſarily /o too, 
and the more fo by how much the greater that Diſtance is : Un 
awhence it is clear, that no two Rays flowing from the radiant Point. 
C, and falling with different Obliquities on the Surface BD, will; 
after ation there, proceed as from the fame Point; therefore 
rickly ſpeaking, there is noone Point inthe Line D produced, that can 
more proper JL called the Focus of Rays flowing from C, than ano- 
ther : for thoſe which enter the refracting Surface near D, will after 
| Refrattion 228 as has been obſerved, from the Parts about n; 
thoſe which enter near E, will flow as from the Parts about F; 
thoſe which enter about T, as from ſome Points in the Line DF pro- 
duced, c. And it is farther to be obſerved, that when the Angle 
DCE becomes large, the Line nF increaſes aphace z wherefore th, 7 
* which fall near T, proceed after Refraction, as from a more 
diffuſed Space, than thoſe which fall at the ſame Diſtance from each 
er her near the Point D. Upon which Account it is uſual with op- 
. tical Writers to 72 the Diſtance between the Paints where the 
Rays enter the plain Surface Ll 4 refvaBing Medium, to bg incon- 
fiderable with Regard to the Diſtance of the radiant Point, if they 
diverge; or to that of their imaginary Focus, if thay converge : and 
wnleſs there be ſome particular Reaſon to the contrary, they confider 
them, as entering the refracting Medium in a Direction as nearly 
dicular to its Surfaces as may be. 
Caſe 2. Of diverging Rays proceeding out of a denſer into a 
r Medium. ES | ena 
Dem. Let X be the denſer, Z the rarer Medium, FD and 
FE two diverging Rays proceeding from the Point/F ; and ſu 
poling the Perpendicular PK drawn as before, FP will be the 
ine of the Angle of Incidence of the oblique-Ray FE, which 
in this Caſe being refracted from the Perpendicular, will pafs © 
on in ſome Lineas ER, which being produced back to the Cir- 
cumference of the Circle * 9 the Ray FD ſomewhere, __ 2 


7 


- 
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For being all refracted towards their reſpec- 


tive Perpendiculars, and thoſe the moſt that are 


the moſt oblique, they themſelves are brought 
nearer to a Paralleliſm, and ſo converge 
leſs. . 8 
6: 3% 


poſe in C, this therefore will be the ĩmaginary Focus of the 
refracted Ray ER; draw RS the Sine of the Angle of Refrac- 
tion to which HI will be equal: but here alſo FP or its equal 
CM, is to HI, as EC to EH, or (if the Point D and E be con- 
fidered as contiguous) as DC to DF; that is, the Sine of the 
Angle of Incidence is to the Sine of the Angle of Refraction, 
as * focal Diſtance is to that of the radiant Point. 2. E. D. 
Caſe 3. Of converging Rays paſling out of a denſer Medium 
to a rarer. 5 F | . 
Dem. Let Z be the denſer, X the rarer Medium, and GE 
the incident Ray; this will be refracted from the Perpendicular 
into a Line, as EH; then all Things remaining as before, GK, 
or its equal FP, or CM will be the Sine of the Angle of Inci- 
_ dence, and HI that of Refraction: but theſe Lines, as before, 
are to each other, as DC to DF ; that is, the focal Diſtance 
1s to the Diſtance of the imaginary Focus, as the Sine of the 
Angle of Incidence to that of the Angle of Refraction. 
. D. | 4 
he 4. Of converging Rays paſſing out of a rarer into a 
denſer Medium. Nee | | | 
Dem. Let Z be the rarer, X the denſer Medium, and RE 
the incident Ray; this will be refracted towards the Perpendi- 
cular into a Line, as EF; C will be the imaginary Focus, and 
F the real one, HI, which is equal to RS, the Sine of the 
Angle of Incidence, and FP that of the Angle of Refraction: 
but theſe are to each other, as DF to DC; and therefore the 
focal Diſtance is to that of the imaginary Focus, as the Sine of 
r ug of Incidence is to that of the Angle of Refraction. 


II. When parallel Rays fall upon a ſpherical Surface of dif- 
ferent Denſity, the focal Diſtance will be to the Diſtance of the 
Cehter of Convexity, as the Sine of the Angle of Incidence is. 
to the Difference between that Sine and the Sine of the Angle 
of Refradtion | EL EL Eq ha 
N 5 


- 
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V. On the contrary, when they proceed 

out of a denſer into a rarer Medium, they are 

refracted the contrary Way, and fo lake to 
converge more. e iy 
This Propoſition admits of four Caſes. - | 
Caſe 1. Of parallel Rays paſſing out of a rarer into adenſer 
Medium through a convex Surface of the denſer. | 
Dem. Let AB (Fig, 11.) repreſent a convex Surface, C its: 
Center of Convexity ; HA and DB two parallel Rays, paſſing 
out of the rarer Medium X into the denſer Z, the one perpen- 
dicular to the refracting Surface, the other oblique: draw CB, 
this being a Radius, will be perpendicular to the Surface at the 
Point B; and the ablique Ray DB being in this Caſe refracted 
towards the Perpendicular, will proceed in ſome Line, as BF, 
meeting the other Ray in F, which will therefore be the Focal 
Point: produce CB to N, then will DBN, or its equal BCA, 
be the Angle of Incidence, and FBC that of Refraction. Now, 

_ ewhereas any Angle has the ſame Sine with its Complement to twa _ 
right ones, the Angle FCB being the Complement of ACB, which 
is equal to the Angle of Incidence, may here be taken for that 
Angle; and e as the Sides of a Triangle ba ve the ſame 
Relation to each other, as the Sines of their oppoſite Angles have, 
FB being oppoſite to this Angle, and FC being oppoſite to the Angle 
of Refration, they may here be conſidered as the Sines of te 
Angles of Incidence and of Refraction; and for the ſame 
Reaſon CB may be conſidered as the Sine of the Angle CFB, 


which Angle being together with the Angle FBC, 


Ing equal- to the 
external one ACL*(32 El. 1.) is itſelf equal 10 the Difference . 


between thoſe two laſt Angles; and therefore the Line PB is 
to CB as the Sine of the Angle of Incidence is to the Sine of 
an Angle which is qual to the Difference between the Angle 
of Incidence and of Refraction. Now, becauſe in very ſmall — 
Angles as theſe are, for wwe Juppeſe in this Caſe alſo the Diftance 
AB to waniſh, the Reaſon of which wyill be ſbewwn by and by, their 
Sines bear nearly the ſame Proportion to each other that they 
themſelves do, the Diſtance FB will be to CB as the Sine of 
the Angle of Incidence is to the Difference between that Sin 
and the Sine of the Angle of Refraction; but Zecau/s BA 
vaniſhes, FB and FA are equal, and therefore FA is to CA ig 
that Proportion, 2. . D. Lf UN bao A 


1 Obl, 3. 
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All which may be illuſtrated, in the follow- 
ing Manner. I. Let AB, CD, (Fig. 5.) be 


two parallel Rays falling on the plain Surface 


Obſ. 2. It appears from the foregoing Demonſtration, that the 
fetal Diftance of the Oblique Ray DB, is ſuch, that the Line BF 
Hall be to the Line CB or CA as the Sine of the Angle of Incidence to 

. the Sine of an Angle, which Angle is equal to the Difference between 
© the Axgle e js and Refnaction; therefore ſo long as the Angles 
BCA, &c. are ſmall, ſo long the Line FB is pretty much of the ow 
Length, becauſe ſmall Angles have nearly the ſame Relation to each” 
other that their Sines have. But when the Point B is removed far 
from A, fo that the Ray DB enters the Surface, ſuppeſe about O, the ' 
Angles BCA, &c. becoming large, the Sine of the Angle of Incidence 
_ begins 10 bear a con ea fe Proportion to the Sine of an Angle 
which is equal to the Difference between the Angle of Intidence and 
Kefraction than before, and therefore the Line BF begins to bear a 
much leſs Proportion to BC; wherefore its Length ts * : 
Upon which Account thoſe-Rays which enter the Surface about O, not 
only meet nearer the Center of Convexity than 0 which enter at A, 
Sul are collected into a more diffuſed Space. From hence it is, that 
the Point where thoſe only which enter near A, are collected, is 
reckoned the true Focus; and the Diſtance AB in all Demonſtrations 
relating to the Foci of parallel Rays entering a ſpherical Surface, 
_ whether convex or concave, is ſuppoſed tovanith. | 
. Caſe 2. Of parallel Rays paſting out of a denſer into a rarer 
. Medium throu h a concave Surface of the Denſer. 
4 Den. Let X be the denſer, Z the rarer Medium, AB the 
1 Surface by which they are ſeparated, C the Center of Convex- 
| ity, and HA and DB two parallel Rays, as before. Through 
B, the Point where the oblique Ray DB enters the rarer 
dium, draw the Perpendicular CN; and let the Ray DB, which 
in this Caſe refracted from the Perpendicular, proceed in the 
Direction BM; produce BM back to H; this will be the ima- 
© ginary Focus, and DBN, or its equal ACB, will be the Angle 
of Incidence, and CBM, or its equal HBN (for they are verti- 
cal) that of Refraction; produce DB to L, and draw BF ſuch, 
that the Angle LBF may be equal to DBH: then becauſe NBD 
_—>- and DBH together are equal to NBH the Angle of Refrac- 
| tion, therefore BCA, whichis equal to the firſt, and LBF, which 
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EF of a Medium of a different Denſity: Now 
becauſe they both make equal Angles of Inci- 
dence with their reſpective Perpendicylars ow B 

Mags N n 


is equal to the Second, are togenh hex equal to the Angle of Re- 
Fraftion ; but LBF is equal to BFA (as being alternate to it) con · 
ſiequently BFA and BCA together are equal to the Angle of Re- 
fraction 3 and therefore ſince one of them, viz. BCA, is equal 
to the Angle of Incidence, the other is the Difference between 
that Angle, and the Angle of Refractien, Now FB, the Sine of 
the Angle FCB, orwhichis the ſame Thing, of its Complement 
to two right ones BCA, the Angle of Incidence is to CB the 
Sine of the Angle BFC, as FB to CB, that is as HB to CB; for 
the Angles DBH and LBP being equal, the Lines BF and B 
are ſo too; but the Diſtance BA vaniſhing, HB is to CB, as HA 
to CA ; that is, the Sine of the Angle of Incidence is to the 
Sine of an Angle which is the Difference between 3 of 
Incidence and Refraction, or becauſe the Angles are ſmall, to 
the Difference between the Sine of the Angle of Incidence and 
that of Refraction, as the Diſtance of the Focus from the Sur- 
face is to that of the Center from the ſame. Q. E. Y. 
" Caſe 3. Of parallel Rays paſfing out of a rarer into a denſer f 
Medium, through a concave Surface of the Denſer. > 
Dem. Let X be the denſer Medium, having the concave Surface 
AB, and let LB and FA be the incident Rays. Now whereas, 
when DB was the incident Ray, and paſſed out of a rarer into a 
denſer Medium, as in Caſe the firſt, it was refracted into a Line 
BF, this Ray LB having the ſame Inclination to the Perpendi- | 
cular, will alſo ſuffer the ſame 840 4% Refraction, and will 
therefore paſs on afterwards in the Line FB produced, v. g. to · 
wards P. So that, whereas in that Caſe the Point F was the 
os Focus of the incident Ray DB, the ſame. Point will in this 
be the imaginary Focus of the incidentRay LB: But it was 
there demonſtrated, that the Diſtance FA is to CA, as the Sine 
of the wo of Incidence is to the Difference between that and _ 
the Sine of the Angle of Refraftion, therefore the focal Diſ- BY 
tance of the refracted Ray BP is to the Diſtance of the Center 
of Convexity in that Proportion. 2. E. 9. | 
Caſe 4. Of parallel Rays paſſing out of a denſer into a rarer 
Medium, through a convex Surface of the denſer. 5 
Den. Let Z be the denſer Medium, having the convex Sur- 
face AB, and let LB and F 11 the incident Rays, as * 
a a - , 7 N W 


* 
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IEK, before Refraction, they will make equal | 


Angles of Refraction with them afterwards; | 


and fo proceed on inthe parallel Lines BL, 


DM. 


: Now 1 * D B was the incident Ray pating out of 4 


denſer into a rarer Medium, it was refracted into BM, as in Caſe 


the ſecond, ce Fe Point, as H, in the Line MB pepduced,. 


for its imaginary Focus ; therefore LB, for the like | 
was given in the laſt Caſe, will in this be refracted into BH, 
having the ſame Point H'for its real Focus. So that here alſo 
the facal Diſtance will be to that of the Center of Convexity, as 
the Sine of the Angle of Incidence is to the Difference between 
that and the Sine of the Angle of Refraction. Q. Z.D.. 


III. When diverging or converging Rays enter into a Medium 
of different Denſity through a ſpherical Surface, the Ratio oom- 
pounded of that which the focal Diſtance bears to the Diſtance - 
of the Radiant Point (or of the imaginary Focus of the inci- 
dent Rays, if they converge ;) and of that, which the Diſtance 
between the ſame radiant Point (or imaginaty Focus) and the 
Center, bears to the Diſtance between = Center and the Fo- 
cus, is equal to the Ratio, which the Sine of the Angle of, Inci- 
dence bears to the Sine of the Angle of Refraction. EIA 

This Propoſition admits of ſixteen Caſes. 

Caſe 1. Of diverging Rays paſſing out of a rarer into a denſer 
Medium, thro? a convex Surface of the denſer, with ſuch a De- 
gree of Divergency, that they ſhall converge after Refraction. 


Dem. Let BD (Fig. 12,) repreſent a ſpherical Surface, C its 


Center of Convexity,:and let there be two diverging Rays, AB, 
and AD, proceeding from the radiant Point A, the one per- 
pendicular to the Surface, the other oblique. Through the 
Kin AL» om the perpendicular Ray AD to E, and draw 


the Radius CB, and produce it to K, and let BF be the refrafted 


Ray ; then will F be the focal Point; produce AB to H, and 
through the Point F draw the Line F G parallel to CB. AB 
being the incident Ray, and CK perpendicular to the Surface 
at the Point B, the Angle A B K, or which is equal to it, 4e- 
eguſe of the parallel Lines CB and FG,'FGH is the Angle 
of Incidence. Now ewwhereas the Complement of any Angle. 


to tave right ones, has the ſame Sine with the Angle" itſelf, 
the Sine of the Angle F G B, that ' being the Complement of 


FGH to two right ones, may be conſidered as the Sine 4 
. © . | 3 4 — P 5 7 


eaſon as 


. 
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DM. 2. Let the diverging Rays AB, AE, 
AF, (Fig. 6.) paſs out of a rarer into a den- 

ſer Medium, through the plain Surface GH, 
Ons FOR IRR Oe 9 


j 


' | 
9 


the Angle of Incidence; which Sine the Line FB, as the Sides of « 
Triangle have the ſame Relation to each other, that the Sines of their 

_ oppoſite Angles have, may be taken for. Again, the Angle FBC 
is the Angle of Refraction, or its equal, becau/7 alternate to it, \ 
BFG, to which BG being an oppoſite Side, may be looked . 
as the Sine. But FB is to BG in a Ratio compounded of FB to 
BA, and of BA to BG, for the Ratio zhat any tavo Quantities 
bear to each other, is compopnded of the Ratio which the firſt bears 
to any other, and of the Ratio which that other bears to the ſecond. 
Now FB is to BA, /uppofing BD to waniſh, as FD to DA; and 

A is to BG, becauſe of the parallel Lines CB and FG, as AC to 
F. That is, the Ratio compounded of FD, the focal Diftance, 
to DA, the Diſance of the radiant. Point, and of AC, the Diftance 
between. the radiant Point and the Center to CF, the Diftance 
between the Center and the Focus, is equal to that which the Sine 

- of the Angle of Incidence bears to the Sine of the Angle of 

Refraction. Q. E. D. r | 

Obſ. 3. Whereas the focal: Diſtance! of the oblique Ray AB is 
Such that the compound Ratio of FB to BA KS, of AC to CF 
Hall be the ſame, whatever be the Diftance between B andD ; 
it is evident, that fince AC is .always of the ſame Length, the. 
more the Line AB lengthens, the more FB muſt lengthen too, or © 
elſe FC muſt ſhorten; but it appears by Iuſpection of the Figure, 
that if BF lengthens, CF vill do fo too, and in a greater Pro- 
portion with reſpect to its own Length than BF will, therefore 
the lengthening of BF will conduce nothing \tawards preſerving 
the Equality of the Proportion: but as AB lengthens, BF and. 
CF muſt oo Horten, which is the only poſſible Way wherein " 
the Proportion may be continued the ſame. And it is alſo appa- 

rent, that the farther B moves from D towards O, the faſter 

A lengibens, and therefore the farther the Rays enter from 

D, the. nearer to the refrafting Surface is the Place where they 
meet, but the Space they are collected in is the more diffuſed : 

' And therefore in this Caſe, as well as thoſe taken Notice of in 
the tauo . oing Obſervations, different Rays, though. flowing 
from the ſame Point, ſhall conſtitute different Foctr; and 
none are /o effectual as theſe which enter at or very near the, 


Point 


. / 4 


\ 
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Rays flowed in the other Caſe ; then the oblique Ray HB 


| a Degree of Divergency as to continue diverging. © 


and let the Ray AB be perpendicular to that 
Surface; the reſt being refracted towards their 


5 reſpective Perpendiculars EK, FM, and thoſe 
the moſt that fall the fartheſt from B, they will 


5 pro- 
Point D. And fince the ſame is obſervable of converging as well as 
diverging Rays, none except whoſe which enter very near that 
oint, are uſually taken into Confideration ; upon which Account 
it is, that the Diſtance DB, in determining the focal Diſtances of + 
diverging or conuerging Rays entering a convex or concave Surface, 


is ſuppoſed to vaniſh. 


- "Thoſe who would ſee a Method of determining the preciſe 


Point which the Ray AB, whether it be parallel, converging, 


or diverging to the Ray AF, converges to or diverges from, after 
Refraction at B, or any other given Point in the Surface DO, 


may find it in the Appendix to Mo/izeux's Optics, which, for 
the Sake of thoſewho ha 


ve not that Book, I ſhall ſubjoin at the 
End of this Note. e f eto 0 
- Caſe 2. Of converging Rays paſſing out of à rarer into a deny 
fer Medium through a concave Surface of the denſer with ſuch 
N of. Convergency, that they ſhall diverge after Re. 
ion. 3 | : : 
Dem. Let the incident Rays be HB and*FD paſling ont of 2 
rarer into a denſer Medium through the concave Surface BD, 
and tending towards the Point A, from whence the 122 
av- 
ing its Angle of Incidence HBC equal to ABK the Angle of 
Incidence 1n the former Caſe, will refracted into the Line 
BL, ſuch, that its refracted Angle KBL will be equal to FBC, | 
the Angle of Refraction in the former Caſe; that is, it will pro- 
ceed after Refraction in the Line FB whey 4 having the fame 
focal Diſtance FD with the diverging Rays AB, AD, in the other 
Caſe. But, by what has been already demonſtrated, the Ra. 
tio compounded of FD, the focal Diftance, to DA, in this Caſe, 
the Diſtance of the imaginary Focus of the incident Rays, and of 


AC, the Diftance between the ſame imaginary Focus and the Cen- 


ter, to CF, the Diftance between the Center and the Focus, is 
equal to that which the Sine of the Angle of Incidence bear: 
to the Sine of the Angle of Refraction. 2. E.D. © 

' Cafe 3, Of diverging Rays paſſing out of a rarer into a den- 
ſer Medium through a convex Surface of the denſer, with ſuch 


© Dem, 


— 


N 
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proceed in the Directions EN and FO, diverg-. . 
ing in a leſs Degree from the Ray AP, than 
they did before Refraction. 3. Had they pro- 

bt | | | edel | 


Dem. Let AB, AD, (Fig- 13.) be the diverging Rays, and let 
their Divergency be ſo great, that the refracted Ray BL ſhall alſa 
diverge from the other; produce LB back to F, which will be the 
focal Point; draw the Radius CB and produce it to K, produce 
BA likewiſe towards G, and draw FG parallel ro BC. Then will 
ABK be the Angle of Incidence, whoſe Sine BF may be taken for, 
as being oppokte to the Angle BGF, which is the Complement 
of the other to two right ones. And LEC is the Angle of Re- 
fraction, or its equal KBF, or which is equal to this, BFG, as be- 
ing alternate; therefore BG, the e Side to this, may be ta- 
ken for the Sine of the Angle of Refraction. But BF is to BG, 
for the like Reaſon as was given in Caſe the firſt, in a Ratio 
R compounded of BF to BA, and of BA to BG. Now BF is to 
BA, (DB vaniſhing) as DF to DA, and becauſe of the parallel 
Lines FG and BC, the Triangles CBA and AGF are fimilar, - 
therefore BA is to AG as CA to AF, conſequently BA is to 
BA together with AG, that is, to BG, as CA is to CA together 
with AF, that is, CF. Therefore the Ratio compounded of DF 
the focal Diſtance to DA the Diſtance of the radiant Point, 
and of CA the Diſtance between the radiant Point and the 
Center, to CF the Diſtance between the Center and the Focus, 
is equal to that which the Sine of the Angle of Incidence bears 
fo he Sine of the Angle of Refraction. 2, FE. P). 
Caſe 4. Of 2 Rays pong out of a rarer into a 
denſer Medium through a concave Surface of the denſer, in ſuch 
Manner that they ſhall continue converging. . 3 | 
Dem. Let HB and CD be the incident Rays paſſing out of the 
rarer into the denſer Medium through the concave Surface BD, | 
and tending towards A, the ſame Point from whence the diverg- 12 
ing Rays flowed in the laſt Caſe. Then becauſe the Ray, Hz — 
has the ſame Inclination to the Perpendicular CK that AB. had 
before, it will ſuffer the ſame Degree of Refraction, and paſa 
on in the Line LB produced, having its Focus F at the ſame. 
Diſtance from the refracting Surface as that of the diverging 
Ray AB in the other Caſe. Therefore, Ce. 2, E. D. | 
Caſe 5. Of diverging. Rays paſſing out of a denſer into a 
rarer Medium — a concave Surface of the denſe. 


hn | Dany 
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ceeded out of a denſer into a rarer Medium, 

they would have been refracted from their Per- 
pendiculats EK, FM, and thoſe the moſt whien 
vere the moſt oblique, and therefore would 


have 


Dem. Let AB, AD (Fig. 14.) be the incident Rays paſſing 
out of a denſer into a rarer Medium through the concave Sur- 
face BD, whoſe Center is C; and let BL be the refracted Ray, | 


* 


which produce back to F, and draw FG parallel to CB. Here 


ABK is the Angle of Incidence, to which its alternate one FGB 


being equal, FB, the oppoſite Side, may be conſidered as the 


Sine of it. The Angle of Refraction is LBC or FBK, of which 
BFG being the Complement to two right ones, BG the oppoſite 
Side may be looked upon as its Sine. But BF is to BG, in the 
compound Ratio of BF to BA, and of BA to BG, for the Reaſon 
given above. Now (BD vaniſhing) BF is to BA as DF toDA, 


and BA is to BG as CA to CF. That is, the Ratio com- 
A of the focal Diſtance to the Diſtance of the radiant 


oint, Sc. 9. E. D. 2 > ut | 
Caje 6. Of converging Rays paſſing out of a denſer into a 


rarer Medium through a convex Surface of the denſer. 


Dem. Let HB, CD, be the incident Rays tending towards. 


the Point A which was the Radiant in the laſt Caſe. Then, 


for the Reaſon already given, the oblique Ray will ſuffer ſuch 
a Degree of Refraction, as to have its Focus F at the ſame Diſ- 

tance from the Surface, as the diverging Rays AB, AD, had in 

that Caſe. Therefore, We, 2. E. D. | {Ik 
When the Mediums thro* which Rays paſs, and the refract- 


Ing Surfaces are ſuch, that Rays flowing from A (Fig. 12.) are 

collected in F, then Rays flowing from Þ 

dium the contrary Way, will be collected in A. For when Rays 

E out of one Medium into another, the Sine of the Angle of 
ncidence bears the ſame Proportion to the Sine of the Angle of 
Refraction, as the Sine of the Angle of Refraction does to the 
Sine of the Angle of Incidence, when they paſs the contrary 


Way. This is applicable to each of the fix following Caſes 


compared reſpectively with the fix foregoing ; therefore they 
may be conſidered as the Converſe of them; or they may be 


 - demonſtrated independently of them, as follows: 


Caſe 7, Of diverging Rays paſſing out of a denſer into a 
rarer Allie through a convex nen 


converge afterwards. 


4 


through the ſame Me- 


of the denſer, ſo as ti 


Dem, 3 


* 


= 
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have diverged more than before, 4. Let te 
converging Rays AB, CD, EF (Fig. 7.) paſs | 
out of a rarer into a denſer Medium, throngh. . - * 
% \\\ | | | the. [i 


Dem. Let AB, AD (Fig. 15.) be two diverging Rays paſſin; 
through the convex 88 BD into ararer . * C — | 
the Center of Convexity, and BF the refracted Ray. Draw CB 
and produce it to K, and draw FG parallel to it, meeting AB 
produced in G. Then will ABC be the Angle of Incidence, 
of which FB being oppoſite to its alternate and equal Angle 
FGB, may be conſidered as the Sine. The Angle of Refrac- 
tion is FBK, of which GB being oppoſite to its Complement to 
two right ones GFB, may be taken for the Sine. Now FB is 
to BG, in a Ratio compounded of FB to BA, and of BA to 
BG. But (BD vaniſhing) FB is to BA as FD to DA, and be- 
cauſe of the parallel Lines CB and FG, BA is to BG as CA to 
CF. Therefore the focal Diftance, Ce. 2, E. ). 
Cafe 8. Of converging Rays paſling out of a denſer into a 
rarer Medium through a concave Surface of the denſer, ſo as to 
diverge afterwards. £1 | 
« 'Dem. Let GB and FD be the incident Rays tending towards 
> A, and produce FB to L. Then as AB in the laſt Caſe was 
refracted into BF, GB will in this be refracted into BL, for 
the Reaſons already given, having F for its focal Point. | 
Therefore, Sc. 2. Z. D. | | \ 
Caſe 9. Of diverging Rays paſſing out of a denſer into a 
rarer Medium — 2 convex Surface of the denſer, in ſuch 
Manner as to continue diverging. e 
Dem. Let AB, AD (Fig 16. be two Rays paſſing out of a 
denſer into a rarer Medium, through the convex Surface DB, 
whoſe Center of Convexity is C. Draw CB, produce it to K, and 
let BL be the refracted Ray, produce BL back to F, and draw | 
_ FG parallel to CB meeting BA produced in G. Then will ABC. * 
be * Angle of Incidence, of which FB being oppoſite to its By” 
alternate and equal Angle FGB, may be conſidered as the Sine. 
The refracted Angle is LEK, or its equal CBE, of which, BG 
being oppoſite to BFG, its Complement to two right ones, is the 
Sine. Now BF is to BG in the compound Rar of BF to BA 
and of BA to BG: but BF is to BA as DF to DA; and becauſe 
of the parallel Lines CB and FG, the Triangles BCA, AGE 
are ſimilar; therefore BA is to AG as CA to AF, and conſe- 
: quently BA is to BG as CA to CF. Therefore, Sc. 2. ED 


Coe 
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the plain Surface GH, and let the Ray AB be 


perpendicular to that Surface, then the other 

Rays being refracted towards their reſpec= 
e 4 8 ve 
+0 Caſe 10. Of converging Rays paſſing out of a denſer into a 

muarer Medium through a concave Surface of the denſer, in ſuch 
Manner as to continue ee e 5 Te WER 

Dem. Let HB, MD be the incident Rays tending towards the 

Point A. Then will the oblique Ray HB, for the Reaſons al- 


ready,given, be refracted into BF. Therefore, c. 2. E. D). 


Caſe 11. Of diverging Rays paſſing out of a rarer into a den- 
fer Medium through a concave Surface of the denſer. 5 
Dem. Let AB, AD (Fig. 17.) be the incident Rays paſſing out 
oda rarer into a denſer Medium, thro* the concave Surface BD, 
whoſe Center of Convexity is C, and ſuppoſing the Line CB 
drawn and produced to K, the refracted Ray BL drawn and pro- 
a duced back to F, and alſo FG drawn parallel to CB, ABC will 
| be the Angle of Incidence, of which FB being oppoſite to its 
. Complement to two right ones BGF, is the Sine. The Angle 
of Refraction will be LBK, or its equal FBC, of which BG be- 
ing „ e to its equal and alternate one BFG, is the Sine. 
Now FB is to BG in the compound Ratio of FB to BA and of 
BA to BG. But (BD vaniſhing) FB is to BA as FD to DA, and 
becauſe ofthe parallel Lines FG and CB, BA is to BG as CA 
to CF. Therefore, &c. 2. E. D. | 5 
Caſe 12. Of converging Rays paſſing out of a rarer into 4 
denſer Medium through a convex Surface of the denſer. fy 
Dem. Let HB, MD be the incident Rays tending towards A, 
the radiantPoint in the laſt Caſe; then, as was explained above; 
| BF will be the refracted Ray, Therefore, Cc. 2. E. D. 
Caſe 13. Of Rays paſling out of a rarer into a denſer Medium 
from a Point between the Gator of Convexity and the Surface. 
Dem. Let AB, AD (Fig. 18.) be two Rays paſſing out of a 
rarer into a denſer Medium from” the Point A, which let be po- 
fited between C, the Center of Convexity, and the refracting 
Surface BD; through B draw CK, and let BL be the refracted 
Ray; produce BL back to F, and draw. FG parallel to BC. 
'Then will ABC be the Angle of Incidence, of which BF being 
oppoſite to its Complement to two right ones BGE, is the Sine. 
LBK will be the Angle of Refraction, or its equal FBC, of 
which BG being oppoſite to its alternate and equal one BFG, 
F | 18 


| 
N 
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tive Perpendiculars DK, FM, and EF for 
| Inſtance more than CD, they will proceed 
in the Directions DN, FN converging in a 
leſs Degree towards the Ray AN, than 1 


is the Sine. But, as before, BF is to BG in a compound Ratis 
of BF to BA and of BA to BG; and (BD vaniſhing) BF is to 
BA as DF to DA, and becauſe the Lines CB and FG are paral- 
lel, BA is to BG as CA to CF. Therefore, Ge. 2. E. D. 

Cafe 14. Of Rays paſſing out of a rarer into a denſer Media 
2 a Point between the Center of Convexity and the Sur- 


e. - ay | 

Dem. Let the incident, Rays be MD, HB, tending towards 
A from whence the other proceeded in the laſt Caſe. Then, as 
in that Caſe, the l Ray BL being produced back paſſed 
through F, in this the refracted Ray itſelf, for the like Reaſons 
as were given in the foregoing Caſes, will paſs through that 

Point. Therefore, &c. 2. E. D. | 
' _ Caſe 15,, Of Rays paſſing out of a denſer into a rarer Medium 
from a Point between the 4 of Convexity and the Surface. 
Den. Let AB, AD (Fig. 19.) be two diverging Rays paſſing 
out of a denſer into a rarer Medium through the refracting Sur- 
face BD, whoſe Center of Convexity is C, a Point beyond that 
from whence the Rays flow. Through B draw CK, and let BL 
be the refracted Ray, produce it back to F, and draw FG pa- 
rallel to BC meeting BA produced in G. ABC will be the An- 
gle of Incidence, of which BF, being oppoſite to its alternate 
and equal Angle BFG, is the Sine. The Angle of Refraction 
is LBK or its equal FBC, of which BG, being oppoſite to its 
- Complement to two right ones BFG, is the Sine. But BF is 
to BG in the eee Ratio of BF to BA and of BA to BG 
and (BD vaniſhing) BF is to BA as DF to DA, and becauſe of 
the parallel Lines CB and GF, the Triangles AFG and ABC 
are ſimilar. BA therefore is to AG as CA to AF, conſequently, 
BA is to BA and AG together, that is, to BG, as CA is to CA. 
and AF together, that is, to CF; and therefore the focal Diſ- 

tance, Oe. . D. n 
Caſe 16. Of Rays paſſing out of a denſer into a rarer Medium 
towards a Point between the Center of Convexity and the Sur- 


. : - n * — 


2 


Dem. 


rm 
. 


Den. Let HB, MD be the incident Rays, 


of Air 


25 3} ==; 
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did before. 5. Laſtly, Had the firſt Medium 
been the denſer, they would have been refract- 
ed the other Way, and therefore have con- 


VI. When 
| having for their. 
imaginary Focus the Point A which was the Radiant in the laſt | 
8 let C, the Center of Convexity of the refracting Surface, 


be poſited beyond this Point. Then will HB, for the Reaſons 


already given, be refracted into BF, having the Point F for its 
real Focus which was the imaginary one of the diverging Rays 


AB, AD; in the former Caſe. Therefore, as before, the Ratis 


"compounded of that which the focal Diſtance bears to the Diſ- 
tance of the imaginary Focus of the incident Rays, and of that 
which the Diſtance between the ſame imaginary Focus and the 
Center, bears to the Diſtance between the Center and the Fo- 
eus, is equal to the Ratio which the Sine of the Angle of In- 
cidence bears to the Sine of the Angle of Refraction. 2. E. D. 
The firſt Term in the foregoing Proportion (vir. that in Pro- 
poſition the zd of this Note) being always an unknown Quan- 
tity, thoſe who are not well verſed in the Uſe of ſuch Propo- 
ſitions, may think it impoflible to inveſtigate the focal Diſtance 
of any refracting Surface by it; I ſhall therefore exemplify it 
in the following Inſtance, by which the Manner of doing it in 
all others will clearly be underſtood.  Y. g. Let it be required 
to determine the focal Diſtance of diverging Rays paſſing out 
into Glaſs through a convex Surface, and let the Diſ- 
tance of the radiant Point be 20, and the Radius of Convex- 


| ity be 5 :.Now becauſe we muſt make Uſe of the focal Diſ- 


tance before we know it; let that be expreſſed by ſome Sym- 


bol or Character as x: Then, becauſe by the aforeſaid Propo- 
fition the Ratio compounded of that which the focal Diſtance 
bears wy e Diſtanceof the radiant Point (that is in this Suppo- 
ſition, o 


to 20) 3 and of the Ratio which the Diſtance of the 
ſame radiant Point from the Center bears to the Diſtance between 
the Center and the Focus (in this Caſe, of 25 to z) is equal 
to the Ratio which the Sine of the Angle of Incidence bears to 
the Sine of the Angle of Refraction (that is, of 17 to 11), we 
ſhall have in the Inſtance before us, the following Proportion, viz. 
WWF | 
dy 5 :: 17 11, and compounding them into one, 
| 5 Which N 
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VI. When Rays proceed out of a rarer into 


a denſer Medium, through a convex Surface 


of the denſer, if they are parallel before Re- L 


fraction, they become converging afterwards. ' 


which is done by multiplying the two firſt Parts together, we 


have 25x: zox — 100: : 17: 11, and multiplying the extreme 


Terms and middle Terms together, 340 — 1700=275x, which 
12900... 


5 after due Reduction, gives x 2 


would have been negative, and then the Quotient ariſing 


In ſome Caſes which might have been Go the Quantity 65 5 
rom 
1700, divided by that, would have been ſo too: that is x the 


focal Diſtance would have been negative, in which Caſe the. 
Focus muſt have been taken on the contrary Side the Surface to 


that on which it was ſuppoſed to fall in ſtating the Problem; 


that is, it muſt have been taken on the ſame Side with the ra 
diant Point, for in calling the Diſtance between the Center an 
the Focus x5 it was ſuppoſed the Focus would fall on the ſame. 
Side with the Center, or on' that which is oppoſite to the radiant. 
Point, becauſe otherwiſe that Diſtance muſt have been ex- 
Preſſed by x+5, as any one may ſee by Inſpection of the 13th 


or 14th Figure, in which the Focus of ade. ia Rays 5 5 | 


' a convex Surface, is ſuppoſed to fall on 


ame Side wi 
the radiant Point. 


In like Manner as thisProblem was | a = general The- 


orem may be raiſed to ſolve it in all Caſes whatſoever, by uſing 
Characters inſtead of Figures; as every one who is not unac- 
quainted with algebraic Operations very well knows. 

See this done, and applied to the Paſſage le thro? the 
Surface of Lenſes, in the ſecond Note to the fol c 


| 1 | 
A Method of determining the Point which-a Ray, entering a 


ſpherical Surface at any given Diſtance from the Vertex of it. ; 


converges to, or diverges from, after Refraction at the ſame. 
From - RN to'Molineux*s Dioptrits. 

* Prop. 
«© from; or converging to a given Point in the 4xis of a /pheric 
«© Lens Surface * inclined thereto under the ſame Angle; 
«© the Ratio of the Sines in Refraction being known. 


Let GL (Fig. 20.) be the Lens, P any Point in its Surface, 


% V the. Pole Vertex] thereof, C the Center of the Sphere 
0 N it is a Segment, O - Object or Point in the Axis to 
1 1 "= mY ele BE. . / 


* 


* * 


o find the Focus of any Parcel of Rays 2 d 


46 
*or , 


, *, 
h 
. - _ - 
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For in this Caſe, the Perpendiculars at the 


: Points. where the Rays enter the Surface, are is 
all drawn from the Center of Conyexity on 


; the 


« br From which the Rays an OP « given Bay x and 
« Jet the Ratio of Refraction be as r to.5 ; make CR to CO as 
*«-5 to'7-for the Immerſion of a Ray, or as r to « for the Emer- 


* ſion, (that is, as the Sines of the Angles in the Medium which 
che Ray enters, to their e e. Sines in the Medium 
4 out of whick it comes) and layin from C towards O, 
ex the Point R ſhall be che ſame for — Rays of the Point O. 


Then draw the Radius PC (if Need be) continued, and with 
„ the Center R and Diſtance OP deſeribe an Arch, in- 


PS... * terſeRting PC in Q; the Line 4 being drawn ſhall be 2 


4% rallel to the ref ied Ray, PF being made par 
« thereto, ſhall interſe& the Axis in the Point F, which is 
«© the Focus ſought. Or make it as CQ_;-CP-: : CR : CF, and 
* CF ſhall be the Diſtance" of the Focus from the Center of 
the Sphere. 
A Dem. Let fall che Perpendiculars PX on do As CY on the 
iven Ray, and CZ on the refracted Ray. By the Conſtruction 


2 F and QM are parallel, whence the Trian les QRCandPFC 
_ * are fimilar, and CR to QR, as CF to PF, that is CR to OP as 


«© CF to PF. Now CF: PF :: CZ: PX ob a7 m7 Triang- 
«© whence CR: OP:: CZ: PR, and CR : CZ:: PX. Again 


* CR is to COas the Sines of Refraction by Conſtrudtion, — 
* is, err to and as CR to CZ, fo (CO=)— or 


«4 —CR ton, g-, and foi is PO x Butas PO th Px, 


. ve « CO to CV. Ergo ers ere. chati CY toCZ is | 


” as the vined of RefraRion;. * cy is the Sine of the Angle of 

" Incidence, and CZ of the refracted Angle. Ergo conflat Pro- 
6 1. — 

Hitherto we have dend dend only obligue ; it now res 

«© mains to add ſomething concerning Rays parallel to the Axis : 


An this Caſe the Point O muſt be confidered as infinitely diſ- 


tant, and conſequently OP, Oc, and CR are all infinite: 
ay and Of and OC are in this Caſe to be accounted as always 


80 2 (fince they differ MOT a Part of the Radius df 


” 1 ans 


c 


5 oy to E, en OT Inns 


1 ahd thereby made to conver 
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the other Side; and therefore, as che Rays 
are refracted towards thoſe Perpendiculars, 


they are neceſſarily refracted towards each 


* 


VII. If they enter diverging, t en 1 for the 
ſamte Reaſon they are made to diyerge leſs, 


«« Sphere GPVL, which is no Part of either of them) where- 


1 fore the Ratio of CR to OP will be always the ſame, wiz; 
« as s to r for imm 


emerge. And by ep ies CF is to PF in the ſame 


ll Ratio, It remains e 2 to ſhew on the Baſe C ho to 


* find all the Triangles CPP, wherein CF is to PF in the Ratio 
s given by the Degree of Refraction. This Problem has been 
« very fully conſidered by the celebrated Dr. Wallis, in hi 


oe. Treatiſe of Algebra, p. 258, to which I refer; but Fmuſt / 
4 here repeat the Conſtruction thereof. See Fig. 21 and 22. 
Let GPVL be a Lem, VC or PC the Radius of 5 Sphere; 


« and let it be required to find all the Points 7, ,, ſuch as CF 


« may be to Pf in the given Ratio of a tor for immerging Rays, 


#* or asr'to : for the emergi 


ag. Divide CV in-K, and continue 
to VX, and CF to VF in the 
ſed "Ratio. Then. divide KF ually in the Point «a, 
cc + with that Center deſcribe the e FKF; this Circle be- 
4 ing drawn my * all the Foci of the parallel Rays OP, 


* OP. For. continued CP till it interſeR the Circle in 


86 —— — are CP, VC; and the Angles EIS Ar 28. 
4 Herti crm, are alſo equal: Wherefore Pf F, 
and conſequently CF to PF in the 27 jog 2 to VE; 


2 B. D. 


r ſhalll be a ways equal to VF the Diſtance of the Focus 


1 of each reſpective Parcel of Rays OP from ee, 


Pole of the Lest. 


ce To demonſtrate this, draw the oricked Line Vp, and 
1 what is delivered by Dr. Wallis in — above cited Place, V 
** and CF will be always in the ſame propoſed Ratis. Again 


% VF being made equal to PF, CF _ will be likewiſe 


„ whence, and by what foregoes, the Points ff are the ſe- 
8 OP, OP 255 


«« yeral r Foci 2 n 


If any one would ſee how this is to be ane in all other 


Inſtances, mes. Place. 


| U 2 - 7 toe 
0 5 a 
a - . 


ing Rays, and as y tos for thoſe that 
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4 * K 
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to be parallel, or to converge, according to the | 
Degree of Divergency They. have before they [| 


enter. 
For if they diverge very much, their being 


bent towards their reſpective Perpendiculars i in 


paſſing through the Surface, may only diminiſh 
their Divergency ; whereas, if they diverge in 
a ſmall Degree, it may make them parallel, or 


even to converge. What Degree of Divergency 


or Conyergency before Refraction in this and 
the following Caſes, is neceſſary to make Rays 
become wer 3:3 will be ſhewn at Section By | 


| : 17th of this Chapter. 5 


VIII. If they converge in ſuch Manner as 
to tend directly towards the Center of Con- 
vexity before they enter the Surface, they fall 


in with their reſpective Perpendiculars, 420 ſo 
paſs on to the Center without ſuffering any | 
Refraction. | | 


EX. If they converge leſs than their Per̃pen- 


: diculars, that is, if they tend to a Point be- 
Vvond the Center of Convexity, they are made 
by Refraction to converge more; and if they 


converge more than their Perpendiculars, that 


is, if they tend towards a Point between the 


Center and the Surface, then by being refract- 


0 ed towards them, they are made to converge leſs. 


This, and the three foregoing Propoſitions, 
may be illuſtrated in the following Manner. 
2. Let AB, CD (Fig: 8.) be two parallel 
Rays n a denſer Medium through the 

| conver 
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convex Surface DB, whoſe Center of Convexi- 
ty is E; and let one of theſe, viz. AB, be per- 
pendicular to the Surface. This will paſs on 
through the Center without ſuffering any Re- 
fraction, but the other, being oblique to the 
Surface, will be refracted towards the Perpen- | 
dicular-ED, and will therefore be made to pro- 
ceed in ſome Line, as DG, converging towards 
the other Ray, and meeting it in G, which 
Point, for that Reaſon, is called the Focus. 2. 
Had the Ray CD diverged from the other, ſup- 
poſe in the Line AD, it would, by being re- 
fracted towards its Perpendicular ED, have 
been made either to diverge leſs, be parallel, 
or to converge. z. Let the Line ED be pro- 
duced to F, andi 77 the Ray had 3 ſo 
as to have deſcribed the Line FD, it would 
then have been coincident with its 1 | 


5 lar, and have ſuffered no Refraction at all. 


If it had proceeded from any Point between 6 
and F, as from H, or which is the ſame Thing, 
towards any Point beyond E in the Line BE 
produced, it would have been made. to con- 
verge more, by being refracted towards the Per- 


ndicular DE, which converges more than it; 


and had it proceeded from ſome Point, as I, on 
the other Side F, that is, towards any Point, 
between B and E, it would then have converg- 
ed more than its Perpendicular, and ſo, being 
refracted towards it, would have been made to 


| have ee leſe. 1 
5 | "v3 5 x. When 
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X. When Rays proceed out of a denſer into 


x rarer Medium, through a concave Surface of 
the denſer; the contrary happens in each Caſe. 


For being now refracted from their reſpective 


Perpendiculars, as they were before towards 
them, if they are parallel before Refraction, 


they diverge Ae ; if they diverge, their | 
Divergency is increaſed; if they converge in 


the Direction of their Perpendiculars, they ſuf- . 
fer no Refraction; if they converge. leſs than 


their reſpective Perpendiculars, they are made 


to converge {till leſs, to be parallel, or to dis 
verge; if they converge more, their Conver- 


gency is increaſed. All which may clearly be 


ſeen by the Figure, without any further Illuſ- 
tration, imagining the Rays AD, CD, &c. 
bent the contrary Way in their Refractions to 
| what they were in the former Caſes. 


XI. When Rays proceed out of a rarer into 


TT denſer. Medium, through a concave Surface 
of the denſer, if they are parallel before Re» 


fraction, they are made to diverge 
For in this Caſe, the Pe irren at —.— 
Points where the Rays enter the Surface 


drawn from a Point on that Side of the 8 


from which the Rays tend, if we coheeive | 
them to paſs through the Surface, they will be 


ſo many diyerging Lines on the other Side, and 

© therefore the Rays, after they have paſſed three 

the ſame Points, muſt neceflarily be rendered 

| Ayerging 3 in * retracted towards 16 71. 10 
XI 


* w 5 
. 
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XII. If they diverge before Refraction, then 
8 the ſame Reaſon, they e are mads to divergs | 


ore. s 
XIII. Unleſs they p AGES direAly ven: ths 
Center, in which Ga they fall in with their 


| Pe tpendiculars, and ſuffer no Refraction: or 


Nen ſome Point between the Center of Con- 
vexity and the Surface, for then they div erge 


more than their reſpective on and 


therefore, being by Refraction b towards 
| them, the eck leſs diverging. 
XIV. If they converge, then 2 tefracted . 
| to erde their Perpendiculars, they are either 
made leſs converging, parallel, or diverging, 
according to the N. they converged in * 
fore Refraction. 
| 2 illuſtrate this, and the three foregoing 
1. Let AB, CD (Fig. 9.) be two pa- 
| rallel Rays entering the concave and denſer Me- 
dum X, the Center of whoſe Convexity is 
E, . and- the Perpendicular to the refracting Sur- 
J ce at the Point D, is EF; the Ray AB, if We 
0 it Ken ee » to the Surface at B, 
rocee 
Ft D being refraBied towards. the Perpen- 
dicular DF, will recede from the other Ray 
AGin ſome Line as DH. 2. If the Ray CD 
had proceeded from A diverging in the Direc- 
ion AD it would have been bent nearer to the 
Perpendicular, and therefore have diverged 
| mare. 3+ But Fit had diverged en the Cen- 


— 
* 


n directiy to G; but the oblique 5 


eee 2 


77 | 


Qs. 


144 
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ter E. it would have fallen in with the Per- 


pendicular EF, and not have been refracted at 
all: and had it procceded from I, à Point on 
the other Side the Center E, it would, by being 


refracted towards the Perpendicular DF, have 
proceeded in ſome Line nearer it than it other- 
wiſe would have done, and fo would diverge 
leſs than before Refraction. 4. If it had con- 
verged in the Line LD, it would have been 


rendered leſs, converging, parallel, or diverg- 


ing, according to the Degree of Convergency 
which it had before it entered ro. the refraQt- 


ing Surface. 
XV. If the ſame Rays proceed out of a gen 


| ſer into a rarer Medium through a convex Sur- 
face of the denſer, the contrary happens in 
each Suppoſition: For the parallel Rays are made 


to conyerge; thoſe which diverge les than their 


reſpectiye Perpendiculars, that is, thoſe which 
proceed from a Point beyond the Center, are 


made leſs diverging, parallel, or converging, 


according to the Degree in which they diverged 
before Refraction; thoſe which diverge more 
than their reſpective Perpendiculars, that is, 
thoſe which proceed from a Point between 
the Center and the refracting Surface, are made 
to diverge ſtill more. And thoſe which con- 
verged, are made to converge more. All which 
map caſily be ſeen by conſidering the Situation 
of the Rays AD, CD, Sc. with Reſpect to 
the Perpendicular EF; and therefore requires 

: 10 farther W a 


XVI. When 


n N s 
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XVI. When diverging Rays are by Refrac- ; 


tion made to converge, the nearer their radiant 


Point is to the refracting Surface, the farther = 

is their Focus from it on the other ws and * 
VICE. Ver 5d. | 
For the nearer the Mad Pointe un to he 


refracting Surface, the more the Rays which _ | 


all upon the ſame Points of it diverge before . 
efraction, upon which Account they converge | 


the leſs afterwards. 


XVII. When the radiant Point is at that 
Diſtance from the Surface, at which parallel 
Rays coming through it from the other Side 
would by Refraction be collected, then Ra "= 

e 


flowing from that Point become parallel on | 
other Side, and are ſaid to have * Focus at 


an infinite Diſtance. For the Power of Re. 
Fraction: in the Medium is the ſame, whether 
the Ray paſſes one Way or the other. For 
Inſtance, if the parallel Ra 2 s AB, CD (Fig. 8. 
in paſſing through the refracting Surface B 
are brought to a Focus in G, then Rays flowing 
from G, as a radiant Point, will afterwards pro- pro- 
'ceed in the parallel Lines BA and DC. And 
the Point G, 5 the parallel Rays AB and 
CD meet after Refraction, is called the Focus 
4 arallel Rays. ele 
VIII. When Rays proceed 0 a Point 

nearer the aefraQing Surface than the Focus of 
Bra Rays, they continue to diverge after 

e and their Focus is then an imagi- 
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een 1 ſituated on che ſame side the. 
e With the Radiant. | 


p” 85 had proceeded from the Focus of parallel 
Rays, they cannot be brought to a Paralleliſin - 
With one another, m ch leſs be made to con- 


= Verge, and therefore they continue to diverge, , 
though in a leſs Degree than before they pafſed 


e 18955 = Leak . In 


Fot in this. Caſe, _ their Divergency bein 
ater: than that which they would have, 


4 


ow: h the. refracking Surface; upon which 


4 N N they proceed after Refraction, as if 
they came from ſome Point farther diſtant from 


1 eus S chan ther Radiant. 
. nA f. W. * 2 
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"Leen is 4 Adu eee „ Side 
A ſpherical Surface; on the other by a 


19 © thetn.,. 


- MitlntoLicher Plein or ſpherical. - And'of thele 


there. are five Sorts. © The firſt, as A, (Fig. 23.) 
is plain on one Side, and convex on the ot 


the fecond, B, convex on both Sides; the third, 
5 an on one Side and concave on the other, as 


the fourth, D, concave on both Sides; the 


f | fifth, "convex on one Side and concave on the 
other, as E, which 'Ww RY lone 3 Me- 
us. 8 . 
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Chap: IV. / Lenſes, fc. 31 
The Axt of & Lens is a Line palüng per- 
pendicularly through both its Surfaces: Thus, 
the Line FG is an Axis common to all the five. 
Lenſes. are diſtinguiſhed into two general 
| Kinds, convex and concave ; the firſt — ſe⸗ 
cond TLTenſes are conſidered, as convex; the 
third and fourth, as concave: the laſt, if its 
' Convexity- is greater than its Concavity, is 
looked upon as convex; if, on the contrary, its 
| Sera be greater, it is conſidered as concave: 
A Len is always ſuppoſed to conſiſt of a 
. denſer than the circumambient onen 
unleſs where the contrary is expreſſed. 
When parallel Rays fall upon the Surfars | 
of a convex Lens, they are refracted towards 
each other in paſſing through it, and vereby 
e ee ro . 
To explain this, let us trace the Progreds of 
2 Ray as AB (Fig. 24.) through the copvex 
Lens . CDEH, . whoſe Axis is IK. Let L be 
the Center of the firſt Convexity CDE, and M 
that of the other CHE; and let the Ray A 
be parallel to the Axis; through B draw tho 
Line LN, Which will be dicular to the 
Surface CDE at that Point. The Ray AB in 
entering che denſer Subſtance of the Lew, will. | 
be refradied towards the Perpendicular; and 
therefore roceed,--after it has — the Sur - 
face at B, in ſome Direction inclined towards 
the Axis, as BP, Through M, the Center of 
Convexity of this Surface, and the pa = | 
þ | . 


v4 


OD on Line MR. which paſſing through the Cen- 
ter will be perpendicular to the Surface at P, | 


L SF, Ge. are ſuppoſed: to 


| are then collected in a Point beyond F; unleſs 


| 0 the other, the Rays are eee n 
| Way, but i in aleſs Degree. Lr 00 


Bs "Of Lenſes, Oc, Part III. 


and the Ray now entering a rarer Medium will 
be tefracted from the Perpendicular into ſome 


Direction, as PF. In like Manner, and for the 


fame Reaſons, the parallel Ray ST on the 


bother Side of the Axis, and alſo all the interme- 
diate ones as XZ, Sc. will meet it in the ſame 
Point, unleſs the Rays AB and ST enter the 


Surface of the Lens at too great a Diſtance 


from the Axis IF, the Reaſon of Which, has 


already been fully explained“. 

The Point F, where the e parallel Ray Rap 8 AB, 
be collected by 

ſing through the Lens CE, is called * — 


| of paralld Re Rays of that Lens. 


f the Rays converge before they e enter the 


Lens, they are then collected at a Point nearer | 


to the Lens than the Focus of parallel Rays. 
If they diverge before they enter the Lens, they 


they proceed from a Point on the other Side, at 
the ſame Diſtance with the Focus of parallel 
Rays, in which Caſe they are rendered parallel. 
If they proceed from a Point nearer than that, 
they diverge afterwards, but in a leſs Degree 
than before they enter the Len. 


If the Lens is plain on one Side, and comms 


* i 


See Obferwation's, i te rent Noi, 15 


Olay: 4. Of Lenſes, Se. | 317 
If the Rays AB, 8 T, be ſuppoſed” to pro- 


*. from a radiant Point on one Side of the 
TLent, and be refracted into a Focus, at F, on 


the other; then Rays proceeding from that 


= Point, F, as from a Radiant, and ſuppoſed 
through the Lens the contrary Way, 


| wi be collected in that Point which was the 


Radiant in the other Caſe : and the nearer the 


radiant Point is to the Lens, the farther is the 


Pocus from it on the other Side, and vice verad. 


If the Rays AB, CD, EF, &c. (Fig. 25.) 
be parallel to each other, but oblique to GH the 


Axis of the Lens IK, or if the diverging Rays 


CB, CF, proceed as from ſome Point C, which 
is not fituated in the Axis of the Lens, -they 
will be collected into ſome Point as L, not 


directly oppoſite to the Radiant C, but nearly 
ſo: for the Ray CD which paſſes through M 


the Middle of the Lens, and falls upon the Sur- 


face of it with ſome Obliquity, will itſelf ſuf- 
fer a Refraction at D and N: but then it will 
be refracted the contrary Way in one Place to 


what it is in the other, and theſe Re fractions 


will be equal in Degree if the Lens has an equal 
Convexity on each Side, as we may eaſily per- 


ceive if we imagine ND to be a Ray paſſing | 
out of the Lens both at N and D, for it is evi- 


dent the Line ND has an equal Inclination to 
each Surface at both its Extremities. U 
which Account the Difference between the Si- 


tuation of the Paint L, and one directly 11 er 
5 5 te 


1 


Point G. This Ray being refracted towards 


7 


lected; and the Focus i is ſyppoſed to be in that 
e, which a Ray, that would paſs. through 


Al which is ſufficiently! clear, from what 
has been ſaid concerning the Laws of Refrac- 
+ 302 explained in the foregoing Chapter. 
When parallel Rays fall upon a | concave 
Zong 2 are — from each other in 


verge, proceeding as from an. imaginary Focus 
on the firſt Side of the Lens. 


4 . order to comprebend this, let ABCD 


Fig. 26.) repreſent a concave: Lens, EO ite 
s, GH the Radius of the firſt Concavity, IK 
chat of: the ſecond; produce N to L, and let 
M be a Ray of Light entering the Lens at the 


the Perpendicular. GL, will paſs on to ſome 
Point, as 4K; in the n more diſtant 
from the Axis than G, and being there refract- 
eld from the Perpendicular IK, will be diverted 
farther till from the Axis, and proceed on in 
the Direction KN, as from ſome. Point, O, on 


be firſt Side of the Lens. In like — | 


Rays, as PO. parallel to the former, will pro- 
ceed, after Refraction at both Surfaces, as from 


the ſame Point O; which, upon that Account, 
will be the i a Focus of rc Rays of 
| fone: 6 0g bow een, 


2 918 . Oo SY . Pe” 7 


ſite to C, is ſo ſmall, that it is generally ne- 


ite middle Point of the Lens, were it to ſuffer 
8 ene would proceed in. 


paſſing through it, and thereby made to di- 


e aa ll 67 


9 . 


n 07 "MEM Ge. | 


If the Rays diverge before they enter the 


Lens, their imaginary Focus is then nearer the 
s than that of the parallel Rays, If, ay | 


verge before they enter the Lens, 
ing towards ſome diſtant Point in the Axis as 


E, they are then rendered leſs converging : if 
they converge to a Point at the ſame Diſtance 
from the Lens with the Focus of parallel Rays, 

they then go. out parallel; if to a Point at a 

leſs Diſtance they remain converging, but in a 

leſs Degree than before they entered the Lens, 

When the Rays enter the Lens diverging, 

the nearer their er Point is to it, the nearer 


alſo is their ĩimaginary Tann after Rufn. 
and vice versd. | 


If the Lens is plain on one Side, and concave 


on the other, the Rays ſuffer like RefraRtion : 


in each Caſe, but in a leſs D 


egree. 
The Truth of what has been ſaid concerning. 
the Paſſage of Rays through a concave Len, 


is eaſily to be IC from the Laws of Re- 


fraction delivered in the foregoing Chapter. 


But the Method of determining the exact 


3 fared Diſtances of Lenſes is to be had from the 


Propoſitions laid down and demonſtrated in the 


Note in the foregoing Chapter. Thus, the 
Progreſs of the Rays, es their Refraction at 


the firſt Surface where they enter a Lens,” is 


| had by one of thoſe which determines the fo- 


cal Diſtance of Rays entering a denſer Medium 


| hk ſuch Form: And "yu Progreſs, e their 


Re- 
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320 Lenſes, c. Part III. 

Refraction at the other Surface where they go 

- out, is had by computing what Progreſs Rays, 

moving in the Direction they are found to have 

TR. after their Entrance at the farſt Surface, will. 
gagcquire by being refracted at the other; which: 
5 is to be effected by one which determines the 
focal Diſtance of Rays paſſing out of a denſer 
Medium of like Form with that of the wo 9 


0 : - 


Or a general Theorem may be made after the following. 
Manner, to determine the Progreſs of Rays after Refraction at 
both Sides of the Lens, whatever be the Matter of it, or the 

Form wherein it is made. 


Thus ſuppoſe GH (Fig. 28.) to be a given Lens, and E a Point 
in its Axis from whence the diverging Rays EL, He. fall upon 
the Lens, AL, the Radius of the firſt Convexity and CK that of 
the ſecond; let LK be the Direction of the diverging Ray EL. 
after its Refraction at the firſt Surface, and KF its Direction after 
Refraction at both. Then will F be the Focus of the Rays aften 
their firſt Refraction, and F the Point they will meet in after both. 
Let BD be the Thickneſs of the Lens, and let the Proportion which 
the Sine of the Angle of Incidence bears to the Sine of the Angle 
of Refraction be expreſſed by the Ratio of I to R. Call EB, 43 
Bb, :; AB, ; CD, 5s; /. x; DF, 5. Now, to find F their 
Focus after Refraction at L where they enter the firſt Surface of 
the Lens, comes under the third Propoſition in the forementioned 
Note: According to which the Ratio compounded of x, the focal 
Diftance fought, to d, the Diftance of the radiant Point; and of 
Ar, the Diftance between the ſame Point and the Center, to 
ar, the Diftance between the Center and the Focus, is as I to R; 
compounding theſe two Ratios therefore (that is multiplying them 
. together) we have 4x-+ rx : da- Ar: : I: R; which Proportion 
Wy e into an Equation, and duly reduced, gives a= 
| * | i . 7775 


—RA—-RT | „ 
Thus having found the Diſtance BY, and conſequently the Point 

F, to which the Rays converge from L, we muſt proceed to ſind E, 
that to whieh they will converge after having paſſed thro? K. 


n toad 
AY 


ſame Propoſition; but, if we would uſe the ſame Letters as be- 
fore, to expreſs the Proportion which the Sine of the Angle of 


Incidence bears to that of the An vgle of Refraction, they muſt 


be put one for the other; becauſe, when Rays paſs out of a 


denſer into a rarer Medium, the Sine of the Angle of Inci- 

dence bears the ſame Proportion to the Sine of the Angle + WP 
of Refraction, that the Sine of the Angle of * RefraQtion- © 

does to the Sine of the Angle of Incidence, when they paſs 


out of a rarer into'a denſer, This being obſerved, . by the 
aforeſaid Propoſition, we ſhall have the Ratio compounded of y, 


the fecal Diftance, to — 


incident Rays, and of — 


the i imaginary Four and the Center, to 3 +5, the Diſtance between 
the Center and the Focus, as R wo oh Which W 1 we reduce 


the mixed Qvantities ES —7, and | TT hk a 


+ 7, into improper Fractions, will ſtand a 


n KAY — dnl 


Kr N wor” 
| and | ::Ril, | 


32 eee ee, jos of 


ay / 

And, compounding ſe? Ratios, we have 

- Ldry = Id + Ray + Rrty + 14) —R 
as. 

RN 


— 2 to 


U- + Roy +Rry+14r5—Ides + Ru, 


Werner „ R tl. 


Ank throwing out the equal Denominators; multiplyi 
Means x: ether, and Extremes Teh 1g we ſhall 


IIA t + IRdty + IRrry + I — IR. 
IRdy= n RR + RRrig+IRars es FEE 


ö Cap. 1 b of Lenſes, . * > 321 5 . | 
When a Ray paſſes through a Madum ter- 
; minated by two EINER and 3 Surfaces, it 


_ 
755 where they Taffer à ſecond Refraction: W 


NH the imaginary. Focus of thy, ; 


e e ee + 1, the Diſtance between N 


F 


and thig Equation being properly reduced, gives y'= 7 


IR dre—IR dts + RR ats +RRves 
LAI — + 114 IIs - 
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y Lk G. Furt _—_ 


i ed ene Way. in. going. out of the &. 
: l as much as it was the other in entering 
* eſt ;- Tha therefore proceeds afterwards not 
+ the fame Direction, but i in one that is we 
to that which it had before. Thus if 3 
AB (Fg. 2716 enters the denſer Medium CDEF | 


5 be e de parallel Surfaces CD and EF. 


ix is refracted at B towards the Perpendicular i 
BI. proceeding to a Paint G, where it is as 
Ne cy nk refracted from the Perpendicular GK 
ing out, and proceeds in the Direction 
not the fave, — 288 to the Former, 


; 4 | This Per magy be applied to ll ces BE A even t 
Ss 5 of appr : 25 85 the FEE concav 
ing negative (as lying che c trary Way Refpe 
f f to that of . and the Radiur of a plain Surface | an 
| neat if we would a 7 — Theorem to a concave Sur- 
fare, we muſt-change all the ns of thoſe Members whereig 
the * — — the — that Surface occurs; and, 
| 11 to a ice, all the Members which involve the Ka- : 
F diut m be — dered as infinite . — that is, all, en- 
cept them, muſtibe ſtruck out of the ion raking So 
likewiſe, if we would rave it | 


4 lying on the contr Side to chat 27 5 e 
ones Gy 


. Po dive; and, the iſtance whers parallel Rays meet * N | 


2 is only changing the. Signs of all thoſe en in Which 
s found, if the Rays are ſuppoſed converging, of making thoſe 
- embers infinite, in Caſs the Rays are 1 Parallels 
(which i is done b eee lt. — 


a 5 wg eld” Hes 4 h 
Ses the Method of r this b 
in Dr. Brown's 


"here it is alfo-illuftrated: with d t Inſtance 

q Ar de to t N n in 2 lley's Method of 
Ng me pr Focus * univervuly, Phi- 
ph. Tranſact. No 205. . 
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"HE Nen of the Eye is ſuch as bs 1 6 | 
ſented in Figure 29, and would * 
& Sphere, were not the fore Part AK 
— mote protuberant than the reſt. 
"Phe Deſcri Sa of it, ſo far as is neceff effary | 
to explain the Faure of Viſion, is as follows: 
It is indofed in three diftin& Coats or Tegu- 
ments; the outermoſt of which, vig. 4 4 8 
called Tunica Sclerotica; . the next, cc, BO. 
_ roides, or Uvea; the third and innermoſt, 4 4, 
derives its Name from that of its 3 


and 3 is called Tuniea Ruyſehigna. 
\ Theſe Coats are cofitiguous to each c 


92 where, except P the fore Fan of * | 


e Portion of the Feletaties which lies 
betten A and A is more protuberant than 
the reſt, is tranſparent, ad has the Name of - 
Tunica Cornea. | 

hat Portion of the Churdides which i is fitu- 
ated between þ and þ is called the Iris, and i is 
that which' by its Colour denominates an Eye 
black, gr \ Ve, In the Middle : this there - 
is 4 round Hole as e 1. „ 

The Tir conffſts bf two Kinds o muſculat 1 
Fibres 3 thy firft lie extended vg its Extre- - 

- & nity 


$4 3 file ye. Part III. 
mity like Pe Radii of a Circle, and point to- 
= T0 the Middle of the Pupil as towards ' 
Center: the other are circular ones, and ſur- 
round the Pupil, having the Middle of it for 
their common Center. Theſe are connected | 
to the former where they crofs them: hg 
therefore when theſe contract, the Pupil is "of, 
' miniſhed; whentheothercontraR, it is inlarged. 
Within the Cavity of the Eye, and not far 
| behind the Pupil, there is a ſoft tranſparent 
| Subſtance. CC, not unlike a double convex 
Lien, one of whoſe Surfaces as 8, is more con- 
vpex than the other. This is called the Cu- 
Falline Humour, and is ſuſpended within the 
Eye by certain Ligaments, as Ci, Ci, called 
Ligamenis Ciliaria, or Proceſſus Ciliaret: 
theſe are convex towards the Pupil, as expreſſed 
in the Figure, and concave on the other Side, 
and are muſcular, and therefore capable of 
Contraction and Dilatation. The convex Sides 
of theſe Ligaments are lined with a very black 
| Subſtance, as is alſo that Side of the Iris which 
is next them. Sh 7 
The Tunica "Ruyſchiana leaves, the PR 5 
at , and, pafling behind the Ligamenta Ciliaria 
and the Chryſtalline Humour, is contiguous to 
them, and joins the Choroides again at /, on the 
other Side the Pupil. | 
By Means of the forementioned Parts, the 
Cavity of the Eye is divided into two Portions; 
the one of which VV is filled with a Fluid 
neatly of the ſame Denſity with Water, and 


is 


* 


A 


TT contains a Fluid whoſe Conſiſtency is 


rarer than the Subſtance of the Chryſtalline. 
At the back Part of each Eye, Va not di- 


realy oppoſite to the Pupil, - there enters a 
Nerve as N N. which is ener the Optic 


Nerve. 


The Fibres of this rte, aer their Eu- N 
| trance into the Eye at N, ſpread themſelves, 
over the innermoſt Coat of it as far as the Liga- 

menta Ciliaria, and form a very thin Mem- Ko 


brane, called Tunica Retina. 


The innermoſt Coat of the Eye is eve 
where covered (except that Part of it which 


i contiguous to the 9 5 Part of the Chryſtal- 


lin Humour) with a very black Subſtance, . 


not unlike that with which the back Part of 


the Iris and fore Part of the Ligamenta Ciliaria 
were obſerved to be covered. This is to hinder 
any Light from being reflected from thoſe Parts 
to the Retina; for that would render the Ima- 


ges of Objects indiſtinct; as we ſhall ſee when 
we have explained the Nature of Viſion, which 
5 is the Ts 1 the next W þ 


6 3.7 gen the Rye. r 
is therefore called Humor Aquens ; ; the other 


greater than that of the former, and is called 
Humor Vitreus : And both theſe Humors are 


8 Chapter concerning the Manner in Which Rays 


346 eue. raue ey Viſion. raren. 


3 4 . G 1K 
* 8 7 * 


| 5 Wo HA. VI. wage 
0 the Wature i Vide"! 
— is the Subſtance and Form eme * | 


| Proper Receptacles, that Rays of Light in pa 
ſing through them are üffecte if the like ——— 
mer as in through à convek Bent is We 
ſhall ke tthinediaely : and thefefbfe; to Under 
ſttand the Nature bf Vifbn, Which ds bn 
the Paſſage of Rays 5 "yo 
Points of a diſtant 055 ect le 0 
mburs, little more 18 zeguted than to Ene | 
how the ſame Rays would be affected Were 
they ſippoſed to Paſs through à convex Bens: 
Which may ad veces by applying to is 
Caſe win has been delivered in the Fourth" 


flowing froth a g - Poitit ate affected in 
throukh Lenſes of that Kind. pang, 
We have Already feen; in the aberementiog⸗ 
ef Chapter, that Rays RaWing from a : 
radiant Point, and afterwards fa ting on a 9 
vex Lens, are collected to a F ocus in ſome 
Point oppoſite, or nearly fo, to the radiant. 
Loet us now ſup oſe an Object placed before 
a Lens, but "55 tm from it than the focal Piſ- 
| Yee of its a Rays i, and let 1 it ſend forth 


| Rays 


Hours of the Eye, when lodged in thelf - 


* 


of that — — of the Object which is turned 


towards the Lens, will neceflacily fall! ypon Wo 
and, paſſing through it, will be collected in fo 


many diſtin& focal Points on the oppoſi te Side, 
as there are diſtinct radiant Points in the Surface 


of the Object from whence they game. Nom, 


as che radiant Points are contiguqus to cac} 


other in the Surface of the Object an ane. Side 


of the Lens, the focal Points will alſo be. can- 
tiguous on the other, and as each f at Paint 


is oppolite to its reſpective Radiant, their Places 
will have the ſame Relation to each other,..that 


thoſe of the radiant, have; and, conſequently 


theſe Points, taken together, will be a true Re- 


preſentation and perfect Image of that Object; 


for each Point will exhibit the SOC TONE 
that its correſpondent Point in the Object is of: 


* But, becauſe cach Point in the N is 


Object. 


te to its reſpective one in 


the Image will be inverted. The Truth of 


- this may cafily be cxpericnced, if we hold. a 


clean white Paper facing the Lens in the Place | 
Where the focal Points ate, and take Care to 


vent all other Light from falling upon the 


4 2 except that which paſſes *hrough " 


57M on this Re Th the Structure of 2 LEE 0 ae 
: 2 18 a Contrivance to 825 A the Repreſentation 0 of Fuck 
| X 4 Obj 


tes Of th Waturegf Vita. r 


Rays from each Point of its Surface in-gvery 
Ditection, as from ſo many radiant Paints. 
Some of the Rays which flow from each Point 


4 


10 


IJIjᷣ0oð illuſtrate this, Jet POR (Fig. zo.) re- 
preſent an Object placed before the Lens A B, 
and ſending forth Rays from each Point in its 
Surface; and let be the focal Diſtance of 
Rays proceeding from Q. and paſſing through 

the faid Lens. Then will all the Rays that 
proceed from the Point Q, between the Lines 

QA and QB, be collected in ; in like Man- 

ner all that flow from P, between the Lines 
PA and PB, will meet in the oppoſite Point 
p; and ſo many as proceed from R,, and paſs 

through the Lens, will be collected in r; and 
all the Rays that flow from the remaining 

Points between P and R and fall upon the 
| Lens, will be collected in as many Points be- 
tween p and 7; and, if the Rays are received 
there upon a white Surface, there will be 
exhibited an Image of the Object PR, but 
imzverted; becauſe the Rays PLp and RL 


Objects as n ſeen from a Window upon ſome plain white 
.- Surface held before the Window within the Room. In order 
to do this, a common SpeQacle Glaſs, or Burning Glaſs, (both 
which are convex Zex/es) muſt be fixed in an Hole in the Win- 
_* dow-ſhutter; for then, if no Light be ſuffered to enter into the 
Rvom, but what paſſes thro' the Hole, and a Sheet of white 
Paper be held oppoſite to the Hole at that Diſtance Where 
the Rays proceeding from the Objects abroad, and paſſing thro 
tze Glaſs, are collected into the ir reſpective Foci, we ſhall have 
the Images of all the Objects which lie before the Hole repre- 
ſented upon the Paper inverted; but in a much more lively . 
and exact Manner than can be done by the Pencil; and not 
only the Objects and their reſpective Situations, but, what is 
peculiar to this Sort of Painting, their Motions will alſo be ex- 
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_ croſs each other at L in paſſing through, the 
TATE = 
© _ Thoſe Rand Wunden flaw from the” Wale 
| Point of an Object, when conſidered together, 
are called a <p or Pencil of Rays. Thus the 
Rays QA, - MC Sone a Pencil flow- 
ing from the Peine ; fo the Rays PA, PL, 
ec. a Pencil from the Point P; and the middle 
Ray of each Pencil, as PL; L Ic." ü 
| called the Axis of that Pencil, to W ich 3 it be- 6 
longs, | N 
Now in Uke Manner as Us pers Pencils 
of Rays flowing from the diſtinct Points in the 
Surface of an Object placed before a Lent, are 
collected in ſo many Points at a certain Diſ- 
tanxe on the other Side of the Lens, and form 
an Image there when received upon a White 
Payer ; fo Pencils proceeding from an Object 
placed before the Eye at a proper Diſtancs 
from it, and being retracted in paſſing throngh. _ 
the Humours' of it, are collected into their 
reſpective Foci upon the Retina where they 
form a Repreſentation of that Object; and by 
their Impulſes upon the tender Netves of the 
Retina, an Idea of the W 25 is Dre in the | 
Mind. 1 5 | | = 
-—#; "PAPER ee of Glaſs 
into the Form f a convex Lens ; for if the Rays of the Sun are 
een to paſs through ſuch a one, they will burn very 


ly in the Place he a they are collected into their reſſ 
er bei ; upon which Account it is, that the Point where Rays 


y in 1 74 0 are collected, is called wy 1 wa * 1s their 
Place of Burning. 8 £ 
18 . The 8 
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- — 
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"ol - The an Mg 5 3 had. 


mours of the Eye, are expreſſed in the 3ſt 
Figure where FG. is the Eye, EG the Tu- 


mica Cornea, 174 b the Pupil, AA the aqueous 
H the 


Medium through a convex 


Humour, H chr 7 1 and VV che vi- 
treous. And RS. * an Object placed 
bafore it, emitting Pencils of Rays from its ſe- 


| : veral Points R, 8, T T, Ge. The Rays which 


'con{litute the Pencil Arp, in entering the aque- 


ous Humour, . paſs. out of a Bu into a denier 
urface, in which 


Caſe diverging Rays are made to See 5 to 


ome, parallel, or to ee p. 9 85 Prop, 


is 7. in entering the Chryſtalſine they do 


and in ; paſſing £ out of that, they proceed. out of 
a denſer into 2 rarer Medium, through a 


vex Surface of the denſer, Which alſo has the 


in the Fig an e ka ets. tt et in a Focus 


lame Effect, (C „Prop. 1 85 w 
Means they 3 == as deſcrib 


at t, + Pine 10 he Retina. In b like Manger 


5 — will be 1 in ts upon the Retina, but 


decauſe the Pencils croſs each other in 


Weben be bases pe 


* 


tel 


eb the "Py, 528 will be laverted. * 


ental Proof : For if werut PEE 
bock Part of * and apply « Paper * wo] Ton the 


2 Images 


P 6 
2 1 > . E 5 o . 
: # 


9 __— TT - 4 3. . inn Sed Bone AE. on hn dt. | HS. RSS ©. hd „ Arad. 
K ; | pn . 


from the Object are fald to diverge, and > cn 


tra: Not that the Situation of the Rye makes 
any Alteration in the Progreſs of thoſe Rays, 


but that, when the Eye is placed nearer the 


Object, it receives into its Pupil Rays hien 


divetge in a greater Degree than thoſe which 


it ca tective when placed farther off, The 

followitig IIluſtration will make this clear: Let 
AB (Fig. 32.) tepteſerit an Object etultting 
Rays froth each Point of its Surface, and lełk 
Cd, Cr, Er. expreſs thoſe which flow from 
the Point C: let n be a Pupil of an Eye placed 


at the Diſtance Cn from it; *tis plain this Pu- 


pil will receive into it the diverging Rays Cr, 
Ct; whereas the Rays Co, Ct, will diverge 
the moſt of any that can enter the ſame Pupil, | 
when placed at the Diſtance Ch; but theſe 
diverge. leſs than the former, the Angle C! 


being included in the Angle CI. 


Images of external Objects placed thereon, as accurately as in : 


Camera Objeura, provided no Light is permitted to fall 


upon N ee that which paſſes through the Humouts | 
0 e Je. 1 "Ore | "oy 

Optic Writers have made it Matter of great Difficulty to de- 
termine the Point where the Axis of the Penicils which enter the 
Eye, croſs each other; ſome placing it in the Center of the Eye; 


others in the Vertex of the Chryſtalline Humour, others in that 


of the Tunica Coriiea But as the Rays of each Pencil fill the- 
Pupil, or as the Pupil itſelf is a common Baſe to each Pencil, it 


is inconceivable how the Aris of thoſe Pencils ſhould croſs 


- each. other in any other Place than the Center of the Pupil, 1 
See Fig. 31, or any other where ſeveral Pencils are repreſent - | 


ed, as paſſing through the Pupil of an Eye. 8 
| — 


* 
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The leſs the Diftance between the Object and 
the Eye is, the mote the Rays Whieh come 
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| © Vifon is diſtinguiſhed into bright and ob. 
1 2 diftin# and confuſed. 
It is faid to be bright, when a ſufficient N 
ber of Rays enter the Pupil at the ſame Time; 
obſcure, when too few. It is Hing, when 
each Pencil of Rays is collected into a Focus ex- 
actly upon the Retina; confuſed, when they 
{meet before they come at it, or when they 
would paſs it before they meet; for in eithet 
88 of theſe laſt Caſes, the Rays flowing from dif- 
- | ferent Points of the Object, will fall upon the 
4 fame” Part of the Retina, which muſt neceſſa- 
ly render the Image confuſed and indiſtindt. 
Now that Objects may appear with a due 
'B 40 pin eſs, whether, more or 2 Rays pro- 
= from them, we have a Power of contract- 
ing, or dilating the Pupil by Means of the muſ- 
{cular Fibres of the Fig (as explained in the 
{foregoing Chapter,). in order to take in more 
jor fewer Rays as Oconton requires. But this, 
{Power has its Limits. 
And that the Rays may be / Collected into 
Points exactly upon the Retina, that is, that 
Objects may appear diſtinct, whether they be 
— nearer or farther off, that is, whether the Rays 
_ proceeding from them diverge more or leſs, we 
Have a Power of contracting or relaxing the 
1 Aamenta Cilaria, and thereby altering the 


> Jnibae Animals, this Power i 1s muck greater than in others 1 
5 partichlarly 3 in ſuch as are obliged to make Uſe of their Eyes 
Night, as wel as 2 2 as in * prides „„ 


* 8 
Y 


a. 


* 
2 


ck ha L FM 


1 Form 


. 
, . 
r ²˙:m ̃ —v!1—— Ä AY _ - 


r 
* — 7 


- 


— ʃ—2—’—‚„—«' ———3—35＋*?— ow 
. _— — * — 


A. 


i, gt AO 


- * 
o * Fx : 
* 
* 7 
, 1 | 
* 
ö | _ 
1 — . hs 
- bis — wt 
* 4 bs 
— f 
"FE 1 : : a — — 
o 7 — . ; 
na, — * 1 
1 > E ** 
- 4 i 
4 _—_ my — * 1 
* ” * - ö a * | 
x - - 1 = — 
2 _ — bh. 
| 258 0 — 4. 
* — u* 3 _—_ 4 x — ; | 
a 8 6 r 4 * 
— - a 
oy of * 1 * — 5 : D | 
C X * * — 4 
1 i \ / b 5 
x 
"4 * ; 
+ ff. 1 a 
* - wt "1h... _ * N 3 | 
: . I 8 * — — * 4 * 
- - n 3 v4 . LO wo o * a 1 | m 1 * * 2 
- 4 — . os — — — mth pany m . 
- 4 o 17 4 » * : — 
; = 
89 9 5 . _ ; 
1 - 1 * = — - * - 3 — : — — Z 
$ * _— _- ** 2 - ba * 4 
* — 2 „ * 4 — pu 2 
4- * — — mo : a - 2 
— 9 1 * be a —_ oy me 
q — 9 4 8 N | 
— . 1 „ x 
* 4 \ — 2 5 * * 5 | 
— & * — s * * 4 , . — 
— 4 5 
» I * * 14 - | 2 
. T N \ 4 — * 3 
a „ OE — 8 | ; 
, \ "# * 1 wg * * 
/ f = = \ : - „ — - * — 
N 0 . 5 ' 7 . 
WR 3 7 : my 1 — — * 
3 3 en... 
i C , 7 7 i — — — 3 K 
w * * TW - * - hb, - - — 
_ * 
* 
* 
* . . | 
h = 
- 
# 3 
— = 
- = — — 
* Ah 
> 
ft 
* 
A - 
* 
* 
” F : 
* 
* 
- : 
=. 
— 
| 
l — ; 
p 4 
. 
= * 
* 
* 
g . 
* 
* 
; % 
% 
* 
4 9 A : 
* 
= 
. # 
v — 
by 
* 
4 
: o 
* ” 
* 
% 
” 
* 
= K 4 - 
* 4 *%s * 5 
. — 


- fog Io 


«a 


Jie — —̃ — . 


— 


5 


; 
at 
a p * 
= 
io - 
* p 
* 7 . 
i 
— 
- 
* 
* „ 
* 
* 
= 
＋ - 2 
- 
121 
_- * 
Pd > 
4 
880 
* " 
> 
TY 
* 7 Fl 


'B * 2 . by 
- 4 " on 
8 - 
- 
4 N - _— i" "3 le r 
* we < wn 0 4 * 6 2 * 8 Wo th. . * 1 * . R * * 
4 mw. W + . Ly 
- 4 . oſs; * — Fu 
_ eo 2 = — * þ 
* 8 0 * * — a 
5 bY - # 3 EF 8 A 4 os , : 
- 4 - 
- — * - 3 - 
4 . ** 7 * 
2 * * * _ E . — 
- - 8 5 — « CE ——— * . 2 * WW. * 
. 0 y Es K *. any, l * * — - - ; 
. * 3 ” a - * | 
. a — * | 9 * * 
— 84 N > © - 
6 - 4 H * - — . 
+ - * 9 — * of » 4 2 
* * f 4 1 > w 5 
- * r , 
9 5 5 * . 
- 2 * 
” * 
” — 4 
. * 4 
* — * : : o 994 
„5 — 
* — 
4 4 * * . — 
* . * 
2 * - - +\ 4 
my = * 
- 
: ? 16 . 
- * - 
- 
- - 
a 
p_ x 
„ 6 
— 2 * g 
* * 4 * 4 . 
- ” = — 4 - 
—— — — * * - . 
» — = * ” 
— — * 5 _— * bob 1 
A 7 8 * ; . 
* - * * 1 * 
—— ye if 4 » 4 * 
* 4 * * * £ : 
* oof * * 2 
3 » 
_— - - - * - - 
— * * 1 8 : 
” — * * * 
* 
* * + = * ** * - 
Bom, TN IR 8 ” - 2 — —— 2 — 7 R : 
* — 8 * * * — — ” + - 7 
— 2 7 — app. 9 7 OS. wu 
* LS - 4 . - of A * = Y 
* =? * a 
w—_— Pn as * 12 
pou " — — a 
— — 4 * * 
„„ . 
3 
# 1 
* 
- 
v 9 1 4 
— . 
= — 
2 * — 
* * 1 * „ 
- 
* 
— 3 
o , ” 
4 
Q—ä — > many ñ 


— — 
—ñ—æ—̃—lmMQGQGQ8——ů —— 


— — — — 


Chip: 6. of the Naturt of Vigo. 333 
Form of the Chryſtalline Humour, and with 


that the focal Diſtance of the Rays. Thus, 
when the Object we view is far off, and the 
Raye fall upon the Pupil with a very ſmall De- 


ee of e we contract the wn. 1th 
74 Ciliaria, ich being concave towards the 
vitreous Humour, do thereby compreſs it more 
than otherwiſe they would do; by this Means 
It is made to preſs harder upon the back Side 
of the Chryſtalline Humour, which is thereby 
rendered Water” ; and fo the Rays proceed far- 
ther before they meet in a Focus than other - 
wiſe they would have done. Add to this, that 
we dilate the Pupils of our Eyes (unleſs in 
Caſes where the Light is fo ſtrong that it offends 
the Eye) and thereby admit Rays into them, 
that are more diverging than thoſe which would- 
otherwiſe enter. And when the Rays come 
. from an Object that is very near, and therefore 
.. diverge. too much to be collected into theit 5 
ſpective Foci upon the Retina, 14 er 
Ligamenta Ciliaria we give the hryſtalline 


mare convex Form, by which Means the Riys 


are made to ſuffer a proportionably greater De- 
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gree of Reftaction in pailing through it. 


* Some Philoſophers are of Opinion, that we do this by a 


Power of altering the Form of the Eye; and others; by remov- 


ing the Chryſtalline forwards or backwards as | Occaſion re- 


wires; but neither of theſe Opinions is probable ; for the 
de of the Eye are too hard, eſpecially in ſome Animals, for 


the firſt; and as to moving the Ckry ſtalline out of its Place, the 


Cavities of the Eye ſeem to be too well hd with 55s _ Hu- 
mours to l of ſuch * eee, 
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ARG belies this, by contracting the Pupils of 


P 225 , and . only ſuch as are Worte caily 
refratied into their reſpective Foc: *, But 
Viſion is not diſtin& at all Diftances, Gr our 

Power of contracting and relaxing the | 

.  mentg Ciliaria is alſo circumſcribed within cer- ö 
tain Limits. 

The nearer an Otzect is placed to the Eye, a 

the greater is the Ima age e of it upon the Nen 

 Beeayſe the Pencils flowing from the extreme 

Pl of - the Object when near, make a lar rger 
er, with each other in the Pup il where 34 

crols, than the ſame Pencils do when the Ob- | 

ject is placed farther off. Thus AB (Fig. 3 33.) - 3 

the Image of the Object CD, far exceeds EF 

that of the ſame Oden GH, placed at a greater 

Diſtance from the Eye, as us engen from In- 

ſpection of the Figure. 

In thoſe Eyes where the Tunica Cornta i is 5 

very protuberant and convex, the Rays of 

| Light ſuffer a very conſiderable Refraction 
their Entrance into the aqueous Humour, and 
ate therefore collected to a Focus before they 
fall upon the Retina, unleſs the Object be pla- 
ced very near, ſo that the Rays which enter 
the Eye, may have a conſiderable Degree of 

Divergency. People that have ſuch Eger, arc 


.* Accordingly it is obſervable, that if we make a ſmall Hole 
with the Point of a Needle thro” a Piece of Paper, and a apply 
that Hole cloſe to the Eye, making Uſe of it, as it were, in 
of a'Pupil, we ſhall be able to ſee an Object diſtinctly through 
* tho" the Object be 2 85 within half an Inch of the d 

i | al 
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Were filled before. 


purblind. Now the nearer an Ob- 


ſaid to be 


je& is placed to the Eye, the greater is the 
Image of it therein, as explained above z, thels 
People therefore can fee. much ſmaller Objeds _ 
much nearer ones with 


than othets, as ſeeing 
the fame Difinfock.. And their Sight con- 


tiaues gaad longer than that of 2 


becauſe the Tunica Cornea of their Eyes, as 
they grow. ald, becomes: plainer, for Want of 
that Redyndevcy of Humours n 


E 


On old Men hayi 
nes. of their Eyes too flat for want « 


nnn too much befor 
they. enter the Eye, they cannot be brought 
to a4 Faaut before they — the Retina f on 
which 3 thaſe Peaple cannot fee. die 


tinctly. unleſs: the Object be ſutuatod at a 


greater Diſtance from the Eye, than is required. 


Objects themſelues o 
muſt be conſidered; that there: is no natural 


88 the Alea in ur Mind, and | 
| Penicnce,. CE when ſuch an Idea is excited an. 


upon the Retina; we find by Ex- 


our Mind, ſuch an Object ſtands before us in 
- ſach a Potion and of ſuch a Form. whenever 
therefore the like Len 1s "excited again, we; 
4 | : on | 
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top chaſe whoſe Eyes ae of a due Form. 
 - Since the Images of the Objects we Jook. at 

aue invertedd in the Eye, it may be thought the 
ught to appear ſo but ãt 
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ent Qeantity of the Aqueous Humour to fill 
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conclude there is a like Cauſe of it. For it is 
found by Obſervation, - that People who have 
been born blind, and have afterwards received 
their Sight, have had no Information from 
their Eyes at firſt, concerning the particular Si- 
tuation or Form af Bodies; but have been ob- 
liged to ſtay till Experience has taught them 
what Figures and Situation of Bodies e 
to ſuch and ſuch Senſations in the Mind *. 
In like Manner it is from Experience that 
an Object appears ſingle, though there be an 
| Image of it in each Eye: for after we find, 
that its Place, according to the Repreſentation 
of it in each Eye, is 7 fame, we neceflarily 
conceive it to be but one. The Manner how 
we come to find this ſeems to be as follows: 
There is one Part of the Retina upon which 
when the Image falls, the Object appears 
brighter and more dittinct, than ar it falls 
upon any other, as is evident, becauſe we al- 
ways ſee one Part of an Object with greater 
Diſtinctneſs than any of the reſt. This Point 
1 ſhall hereafter eall he Point of Diſtinct Vi. 
This naturally leads us to turn vur Eyes 
8 chat the Object may he ſituated directly 
5 oppoſite to this Point. And this Action of 
cours is that which has given Riſe to thoſe ima - 
U Lade which are We to mu als; 
2.5 RR BH F 43. p 
12 See Mr. Cheſrlden's Gbervations on a young e 
Ve by him at che Age ot of 13 Years, Philoſoph. Tranſact. 
8 ö rectlßx 


I Clap.6 Of tbe Mature ef Viſion. 3 
5 rectly through the Eye and to terminate in tze | 
ö Object we view, and are commonly called the 
? optic Axes. ; We therefore turn our Eyes ſo that 
the Object may appear in thoſe Lines, There= 
3 theſe Lines concur at the Object,. 
When we-endeavour to view. it with Diſtinct- 
. neſs, each Eye affords us an Idea of the Object 
in the fame Place, from whence it neceſſarily 
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appears but one , 
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2a "get #7 © et . | 4 4 1 4 be 
= * There are- other Methods of accounting for theſe two laſt 
_ » Phenomena, ſome of which, perhaps, the Reader may think 
more plauſible ; for the Connection between the Image on the 
| Retina and the Idea in the Mind being purely metaphyſical, we 
can never hope to arrive at Certainty in this Matter. 
Some are of Opinion, that we. judge thoſe Rays which paint 
the, uppermoſt Part of the Image in the Eye to proceed from the 
lowermoſt Part of the Object, becauſe they ſtrike upon the Re- 
tina, as coming from that Part; and that we conclude from hence 
that the Object is erect, though the Image be inverted; as if the 5 
Direction, wherewitl the Rays ftrike the Retina, informed the 
Mind which Way they came. This Solution ſerves alfo to expli- 
Cate the Phanomenom of ſeeing but one Object with both Eyes; 
for as the Mind is informed, by the Direction with which the 
Rays ſtrike the Retina, of the Place from whence they come; 
therefore when it appears that they enter ench Eye as from the 
ſame Place, the Object neceſſarily ſeems to be but one; becauſe 
we can't ſuppoſe two to exiſt in the ſame Place at the ſame Time. 

Some have been ſo abſurd as to embrace an Opinion, the firſt - | 
Author of which was Gafſendus, that we ſee one and the fame  __. 
Point of an Object only with one Eye at a Time, (oriante alio, 2 
as they expreſs it) while the other does nothing. Vid. Gaſendi 
Epiſtol. de Magnitud. Solis; or Tacguet. Optic. Lib. I. Prop. 2. 

Some imagining that che Optic Nerves conſiſt of a Bundle or 
ſmall ones wrapped up in one common Tegument, are of Opi- 
nion, that ſuch as lie upon the Retina at equal Diſtances from 
the Point of diſtinct Viſion, and on the ſame Side of it in each _ 
Eye, are connected together in one, before they terminate in th | | 
| moe ; _ ſo, whether one ” both are affected, only one Idea | 
h OL, 1. Rs 3 13 | 


py 


+53 *2. 3 ed e 


bw 


. * A 1 2 
- Ha * 
of 


328 wh WO PIO Keel, 
motos Tas e WR 


e fate Part of 


; e is atfeded 

That. low from ft, which 'is 0 ls. | 
Kea When two Bbecks afe Place! before 
The Eyes, the — Tece Wy g ho Information 
"from Without, Bu t by hs Apulſes öf the 
ere upon the RH Judges that "there fte 
wo Objects. Thus, let A, 15 74.) repre- 
Yoke” two Eyes whoſe 12275 Axes are directed to 


© othe Poig tC and hh bject on one 
ö 5 I theÞ he C, 1 — e K oder. 

. ow eas thus neree pea A- 

* OED every Time W We. A 8 

'we miſt inragihe all the different Points 


32 Surface. to. je Vit brie „Which is con- 
Sith perience. In this Caſe, the Foin 
Yi ech 


1 Hoe Will 9 affected by tlie R 
Lan flow from thoſe Objects 3 bur ſo , 
Will, if a fingle Object be "nt D; and 
"Uietelote, 5 he Resa Zen 2889e, in O- 
Jeet in that Situation thall appear as the two 
parate ohes E and F, tat is, double. "A- 


li the Mind. Grav/end confirms this Opinion, by nf. 

28 5 — Animals which look at the ſime Object with 

dan yes, th ic Nerves concur, before they enter the Brain; 

chat, 0 1 a8 look at ane Object with ohe Eye, and at 
fferent one ch the ot thcy.are.ſeparate all the Way. 

* with Briggius (ſee his Ophthalmag. Chap. 1 1.) do not 

«contend, that the —— correſponding Parts of thes - 

Nerves are connected before they terminate in che Brain; 


that are of an equal Tenſion at cheteſieo exc the faine 
- ae in he Men. f . 


e 
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_ optic Axes, as at G. Rays flowin 
affect the ſame Part in each 
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gain, let there be.an Obje placed without. the 


15 


from this will 
„ 28 if there 
were two diſtint Objects, viz. one at E, and 
the other at H; this therefore will alſo gp- 
pear double. Farther, 2s the Objects P 70 
8 are fituated in this Figure, if both are at- 


tended to at the ſame Ti ume, (the lic Axes 


being ſtill directed to the ſame Point C) they 


will ar as three, being fituated 
to me ihre Points F, E, and H. 4 what ; 


bas been ſaid of the Appearance of the Objects 


D and G, as they are ſituated in this Figure, 
1 be applied to their Appearance as th 
N e . in the next, where they are repre- 
ſented as N the 2 HF. Se that 
wherever an Object is placed, provided it he 
nearer to the Eyes than the Point where the 
optic Axes concur, or farther from them, it ap- 
pears double. 

There is one Part of the Reting of each Eys. 
vpon which, when the Image falls, the Object 
cannot be ſeen at all with har Eye; the Proof 
of this e have from the following Experiment. 
Fix uo Objects upon a Wall, of ſuch Bigneſs 


that each may bide a ſquare Inch of it, or 


thbereabouts, and at the Diſtance of about a 
Foot or two from each other, and go back from 


the Wall about three Times that Diſtance; then 


(hattiog the left Eye, look at the left Object 
with the right one, and while the right Eye is 
in that Pofition, the right Obje& will not be 

ſeen 


' 
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| ſeen. So, if in that Station we look at the right 
Object with only the left Eye, the left Object 
will diſappear. The Reaſon of this is ſuppoſed 
to be, that the Image of that Object which 
diſappears falls upon the Blood - veſſels of the 
optic Nerve, from which no Senſation i is con- 
veyed to the Brain. 
The Angle comprehended between the Rays 
which flow from the extreme Parts of the Ob- 
ject, and croſs in the Pupil, is called the optic 
Angle. is 
Tis by dan of this Angle that we areable 
to form ſome Judgment of the Magnitude of 
an Object; becauſe, the larger this is, the larger 
is the Image upon the Retina, that is, a greater 
Portion of it is affected by the Rays which flow 
from that Object. But this is not ſufficient 
alone, becauſe different Objects, at different 
Diſtances from the Eye, may ſubtend equal 
Angles at the Pupil. We ought therefore to 
know alſo the Diſtance of the Object. 
This, if the Object be very near, we are 
able to form a tolerable Judgment of, by the 
Degree of Divergency, wherein the Rays 
which flow from the ſame Point of the Object 
enter the Eye; becauſe we find it neceſſary to 
adapt the Eye accordingly, in order to bring 
them to a Focus upon the Retina. 
But, when the Object is at greater Diſtance 
from us, a conſiderable Variation in the Diſ- 
| tance of it makes but a very ſmall one in the 


Diver- 


9 . 


* 
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Divergency of thoſe Rays, and therefore this 


Rule of judging ceaſes to be of Uſe. The only | 
Expedient then is the Angle comprehended 


between the optic Axes at the Object to which 


they are directed, or, which is the ſame Thing, 


the Poſition of the Eyes with reſpe& to each 
other when they view the Object ®. But in very 


3 large Diſtances this Poſition varies ſo little, that 
it is alſo of no Uſe; in which Caſe, we make 


the beſt Judgment we can from the Brightneſs, 
Diſtinctneſs, and apparent Magnitude of the 


Object, and likewiſe from its Situation with 


reſpect to others which are interpoſed +. 


When we are unable to judge rightly con- 
cerning the Diſtance of an Object, we conceive 
it greater, the farther we imagine it to be from 


us, and vice versd ; becauſe it requires a lar- 


ger Object to exhibit the ſame Image upon 


the Retina, when it is ſituated at a great Diſ- 
tance, than when near. Thus we imagine the 


Sun and Moon to be farther off, when they 
are in the Horizon, than when they are near 


the Meridian, and accordingly think them 


* That the Poſition of the optic Axes is a Means whereby we 


| Judge of Diſtances, is evident from hence, viz. that they who 


ave loſt the Sight of one Eye, find it much more difficult to 
eſtimate the Diſtances of Objects, than they did when they had 
the Uſe of both, RE 


I We have a remarkable Inſtance of the Error of our Judg- 


ment concerning the Diſtances of very remote Bodies, in that 
we look upon the Sun, Moon, and Stars to be all at the ſame 
Diſtance, whereas ſome of them are a thouſand Times farther 
from us than others. g | | 
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onall 5 ler in 4 bidde Kai in 
n mar are found: to erchibit the | 
ſüme Tire upon the Rerina in both Caſos x. 
Wie are never able to ſee very diſtant ObjeRs 
with-Diftin&neſs ;. this is not. ſolely owing to 
the Pupil's not receiving into it a. ſufficient 


Number ef Rays. for that Purpoſe, or becauſd 


they are not eolte@ed into Noi upon the Recinu, 
Object being very far off, the 
Rays which: flow from Points of the Objecbh 
that are contiguous, fall too near each uther u 
on the Retina to exdite diſtinct Senſations: in 
che Mind, {6 thay the- l e e 


nA wit. 


Of whe GE” ef dbjets feen 
0s 


AT what we Mall Gay upon che Subject 
of this Chapter mey more eoadily De un- 
. WY we ſhall premiſe the five following 
Particulars, which are all compriſed in the fore- 
ing Chapter, or follow immediately from 
what has been there laid down, Is. 
1. Phat, as each Point of an Object, when 
Viewed by the naked Eye, appears in its pro- 


/ Se the Dillertation on the Horizontal Moon, annexed ta 
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into the Eye is conſiderable, we will ſuppoſe | | 
the Object to appear where thoſe Lines which _ | 
ry they deſcribe. in entering, if produced back, 
would croſs each other, tho' it muſt not be PL 
ſerted that this i is the preciſe Diſtance ; becauſe _ 
the Brightneſs, DiſtinAneb, and apparent Mag- 
nitude of the Object, on which. its apparent 
Diſtance in ſome Meaſure depends, will alſo 
ſuffer an Alteration by the Refraction of the 
Rays i in paſſing through that Medium. 
. That we eſtimate the Magnitude of an, 4 
I O 5 ec by that of the opric Angle. 
1 4. That Viſion is the "rey, 5108 the greater 
mttme Number of Bape is which enter the Popil. 
Ad... | 
1 That, i in ſome Caſes, the apparent Bright- | 
neſs, Diſtinneſs, and Magnitude of an Object 
ate the only Means whereby our Judgment is 
Aàetermined in eſtimating the Diſtance of it. g 
Prop. I. An Object placed within a Medium 
| © terminated by a plain Surface on that Side 
Which is next the Eye, if the Medium be den- 
fer than that in which the Eye is (as we ſhall 
always ſuppoſe it to be, unleſs where the con- 
trary is expreſſed) appears nearer to the Surface 
of the Medium than it is. | 
Thus, if A be a Point of an Obj ect placed | 
within the Medium BCDE (Fig. 36. ) and Ab, 
Ac be two Rays proceeding from thence, theſe 
Rays 2 0 out of a denſer into a rarer. Me- 
Gum, will be refracted from their reſpective 


Per- 


Chap. 7. of Objeas, r. 348 
Perpendiculars 4d, ce, and will enter the Eye 
at H, ſuppoſe in the Directions bf; cg, let then 
theſe Lines be produced back till they meet in 
F; this will be the apparent Place of the Point 
A; and becauſe the refracted Rays bf, cg, will 
diverge more than the incident ones Ab, Ac. 
(Chap. III. Prop. 3.) it will be nearer 'to the 
oints þ and c, than the Point A; and as the 
ſame is true of each Point in the Object, the 
Whole will appear to an Eye at H, nearer to 
the Surface BC than it is. ee 


* From hence it is, that when one End of a ſtrait Stick is 
a put under Water, and the Stick is held in an oblique Poſition, 
it appears bent at the Surface of the Water; viz. uſe each 
Point that is under Water appears nearer the Surface, and con- 
ſequently higher than it is. | F 


From hence likewiſe it is, that an Object at the Bottom of 4 
Veſſel may be ſeen when the Veſſel is filled with Water, though 
it be ſo free with Reſpect to the Eye, that it cannot be ſeen. - 

- whenthe Veſſel is empty. To explain this; let ABCD (Fig. 37] 
repreſent a Veſſel, and let E be an Object lying at the Bottom of 
it. This Object, when the Veſſel is empty, will not be ſeen by an 
Eye at F, becauſe HB, the upper Part of the Veſſel, will obſtruct 
the Ray EH ; but when it is filled with Water to the Height 
GH, the Ray EK being refracted at the Surfactof the Water into 
the Line KF „the Eye at F ſhall ſee the Object by Means of that. 
In like Manner, an Object ſituated in the Horizon appears 
above its true Place, upon Account of the Refraction of the 
Rays which proceed from it in their Paſſage through the A 
ſphere of the Earth. For firſt, if the Objed be ſituated beyond 
the Limits of the Atmoſphere, its Rays in entefing it will be re- 
fracted towards the Perpendicular, that is, towards a Line 
drawn from the Point where they enter, to the Center of the 
Earth which is the Center of the Atmo/Fhere, and às they paſs 
on they will be continually refracted the ſame Way, - becauſe 
they are all along entering a denſer Part, the Center of whoſe 
Convexity is ſtill the ſame Point; upon which Account the Line 
hey deſcribe will be a Curve bending downwards ; and _ | 
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= II. An Object ſeen through, a Medium 
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= RL be wn Rays presesding from the Point R, 
and entering the denſer Medium at K and E; 


theſe Rays will here by Refractio be made. 18 b 
be ge leſs (Chap. Il, "ps 3. ) and to pro- 
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'  ceed afterwards, ſuppoſe in the Lines Ka, Lbs. 

ati a and h, where they paſs out of the denſer 
— . will be as much refracted the 
ay, proceeding in the Lines ac, bd. 
carallet or heir firſt. Directions (ſee Chap. 
75 produce theſe. Lines back till they 
Woe in e, this will de the apparent Place of 

the Point N, and it is evident from the Figure 
that it muſt be nearer the Eye than that Point 
and becauſe the ſame is true of all other en- 
cils flowing from the Object AB, the. Whole 
will be ſeen in the Situation /g, nearer to the 
Eye than the Line AB. 2d, As the Rays RK. 
RL would not have entered the Eye, but have 
paſted: by it in the Directions Kr, Lt, had they 
not been refracted in paſſing through the Me- 
dium, the Object appears brighter. zd, The 
Rays Ab, Bi, will be trefracted at h and i in- 
to the leſs converging Lines 5, il, and at the 
other Surface into M., 1M, parallel to AS 
and B z, produced (fee Chap. 4.) ſo that the 
Extremities of the Object wall appear in the 
Lines Mi, MZ produced, viz. in f and g, and 


under which an Eye at would have ſeen 
had there been no Medium interpoſed. ta 
refra& the Rays; and therefore it appears larger 
to the Eye = Gil, being ſeen through the 
| Medium, than otherwiſe it would 
have done. But it is here to be obſerved, ben 


the nearer the Point e appears to the Eye on 


S as the Angle K 


1 
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Account of the Refraction of the Ra ys RK, 
RL, the ſhorter is the Image /g. becauſe it is 

terminated” by the Lines M and Mg, upon 

which Account the Object is made to appear 
leſs; and therefore the apparent Magnitude of 
an Object is not much au - xp by being 

| ſeen through a Medium of this F To 

© Farther, it is apparent from the Figure, that 
| the Effect of a Medium of this Form depends 
wholly upon its Thickneſs; for, the Diſtance 
wer ts the Lines Rey and ec, and conſequently 
the Diſtance between the Points and R, de- f 
pends upon the Length of the Line Ka. Again 
che Diſtance between the Lines AM and / M. . 
12 ds on the Length of the Line 44; but both 

Ka and 4+ depend on the Diſtance between the 

SGaurfaces CE and DF, and therefore the Effect 

of this Medium depends upon its Thickneſs. 
Prop. III. An Object ſeen through a convex 

| Lens, appears larger, brighter, and more 44 

rant, than with the naked Eye. | | 

. "To illuſtrate this, let AB (Fig. 39. 9 be the | 

Object, CD the. Lens, and EF the Eye. 1. 

From A and B, the Extremities of the Object, 

draw the right Lines Avr, BXr, croſſing each 

other in the Pupil of the Eye; the Angle ArB 

_ © » comprehended between © theſe Lines, is the 
Angle under which the Object would be feen 
with the naked Eye. But by the Interpoſi- 
tion of a Lens of this Form, whoſe Property 

it is to render converging Rays more ſo (ſee 
Chap. IV.) the Rays AY and BX will be made 

to 
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to croſs each other before they reach the Pupil. SK 
Therefore the Eye at E. will not ' perceive the _ 
Extretnities of the Object by Means of theſe 


Rays; (for they will paſs it without entering) 


but by ſome others which muſt fall without the . 


Points Y and X. or between them; but if they 
fall between them, they will be made to oon 


cur ſooner than they themſelves would haye 


done, and therefore if the Extremities of the 
Object could not be ſeen by them, it will much 
lleſs be ſeen by theſe. It remains therefore, 
that the Rays which will enter the Eye from 
"the Points A and B after Refraction, muſt fall 


upon the Lens without the Points Y and X; 


let then the Rays AO and BP be ſuch. Theſe, 
after Refraction, entering the Eye at r, the Ex- 
tremities of the Object will be ſeen in the Lines 
r produced, and under the optic Angle 
-QrT, which is larger than AFB, and therefore 


the apparent Magnitude of the Object will ble 


 mncreaſed. 2. Let GHT be a Pencil of Rays 
flowing from the Point G; as it Is the Proper 

of this Lens to render diverging: Rays leſs di- 
verging, parallel or converging, (ſee Chap. 
TV.) it is evident, that ſome of thoſe Rays, 
which would proceed on to M and N, and miſs 


the Eye, were they to ſuffer no Refraction in 
paſſing through the Lens, Will now enter it; 


ywhich Means the Object will appear bright- 


a 3. As to the apparent Diſtance of the Ob- 
TS ject, that will. vary according to the Situation 


of 


— 
t 1 
. 


880 0e the Ae Par 
Is 3 & to the Focut of paralle py 
| of the * Then let us ſuppo be mo 2 
RE Foo of p ſo much , nearer the e an 

arallel Rays, that the refracted Rays 
| 40 k, though rendered Jeſs diverging 
by by aſi „ it, may 765 3 


able Degree of Dayergency, { we 
be able = 1 At a Judgment of 5 e | 


the Object thereb m_ this Caſe, the Obje&t 
ought; to 3 produced baeæx 
8 a 584 becauſe they diverge leſs than 
the Rays GH, GI. will be beyond G, that is, 
at a greater Diſtance from the Lens than the 
Object is. But becauſe both the Btightneſs and 
Muãgnitude of the Object will at the ſame Time 
de augmented, Prejudice will not permit us to 


an Judge It quite ſo far off as the Point where thoſe 


Lines meet, but ſomewhere between that 
Point and its proper. Place. 2. Let the Obje& 
be placed in the Focus of parallel Rays, then 
will the Rays KE and 1 become patalle! 
2 . IV.) and though in this Caſe 
e Object would appear at an immenſe Diſ- 
| _ tance, if that Diſtance were to be judged of by 
the Direction of the Rays KE and LF, yet 
. 5 Aceount of the Brightack.and Mag 
it, we ſhall not think it much farther from 
us, than if it were ſeen by the naked Eye. 3. 
If the Object be ſituated beyond the Focus.of 
ben Rays, as in AB (Fig. 40.) the Rays 
win from thence, and falling upon the 88. 


wr . „elde, e. An 


C, will be echected into their 
at und 5, and the intertnediate Fonts , , 
o. and will there form an Image of the Ob- 
get AB; And after croſing each other ir the 
ſeveral Points of it, 28 exprefled in the F 

will paſs \dn diverzing us from a real 
Now if an Bye be ſituated at ee may 
Bo, Rays proceeding from the extreme Points 
of the Object, make not a much larger | 
ACP, than they would do if there were LEA 
 Infexpoled; and the Rays belonging to the 
fame Pencil de not converge ſo much as thoſe 


the Rye would receive, if it were placed neurer 


to 4 or 6, the Object upon theſe Accounts 
uppehring very kette latger or brighter than 
With the naked Eye, is ſeen nearly in its pro- 
per Plate; but if he Eye rededes a little W 

towards ab, the Object then appearing bot 


brighter and larger, ſeems to approach the 
"Des * which is am evident off whats 


Obie mould e to approa in this. 

F. That the ee that ede * the 8 

a cad ich dener tp ble; and uot to be ac 

tech for by a ory, we have o- Viſien. Molineux alſo 

- Jenves it to t an 0 of others, as that which will be inex- 

| cable, till a mdrefintimate Knowletige of the vifve F acuky, 
bi” expreſſes it, be 'obtained/by* Mortals. | 

ef imagined, that ſeeing an Obje& appears Habe off, 

04g pong diverge Which fall upon _ Eye; N they 

cola l parallel to each other, it ought to appear exceed- 


ly remote, and if ey ſhould converge, it ſhould then appear. 


eaſon of this was, becauſe they looked 


E ant ſtill : 
* Flee of an Object, as owing only to the Di- 


e apparent 


By of the Rays whatever it was, and not at all to its appa- 


been 


* Magnitude or ar. 


reſpoctive Poti 
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been ſo often aſſerted, vis. that we judge of 
the Diſtance of an Object in ſome Meafare by 
its Brightneſs and Magnitude *; for the Rays 
converge the more the farther the Eye recedes 
from the Lens; and therefore if we judged of 
che Diſtance of the Object by the Direction of 
the Rays which flow from it, we ought in this 
Caſe by conceive' it at a greater Diſtance, than 
when the Rays were parallel, or ao rad 
| their Entrance into the Eye. 
Prop. IV. If an Object be placed bucher 
- Frow a convex Lens, than its Focus of parallel 
Rays, and the Eye be ſituated farther from it 
on the other Side, than the Place where the 
Rays of the ſeveral Pencils are collected into 
their reſpective Foci, the Object appears in- 
.Certed, and pendulous in the A Wen 1 4 
5 and the Lene. 
To explain this, let AB. (Fig g. 4805 1 
7 Boe the Object, 'CD the Lens, and let the 
Rays of the Pencil ACD be collected in 4, and 
thots of BCD in 5, forming there an inverted 
Image of the Object AB, and let the Eye be 
placed in F: It is apparent from the Figure, 
that ſome of the refrated; Rays which paſs 
- through cach Point of the Image, will enter 


perhaps it may e Foul our judgi ng of thi Diſtance 
of an Object in ſome Meaſure by its Marten e, that that De- 
_ ception of Sight commonly obſeryed by Travellers may ariſe ; 
© ® - viz, that upon the firſt appearing of a Building larger than uſual, 
as a Cathedral Church, or the like, it generally ſeems nearer to 


EY the 


them, than wy afterwards find it to be. 


4 


upon the Retina, but fall upon it as 
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the Eye as from à real Object in that Place, 
and therefore the Object AB will appear there, 
as the Propoſition aſſerts. But we are ſo little 
accuſtomed to ſee Objects in this Manner, that 
it is very difficult. to perceive the Image with 
one Eye; but if both Eyes are ſituated in ſuch 
a Manner, that Rays flowing from each Point 
of the Image may enter both, as at O and 4 


and we direct our our optic Ax Axes to the _— 
eaſy to be perceiv 


11 the E 5 be ſituated in a or $5 or oy near 
them on dither Side, the Object ap exceed- 


ingly confuſed, viz. if at 4; the Rays which 
proceed from the ſame Point of the Object oon- 


verge ſo very much, and if at e, they diverge 
ſo much, that they cannot be collected to 


— 


they 
were the Axes of ſo many Aiſtin® Pencils com- 


ing through every Point of the Lens; where- 


fore little more than one ſingle Point of the 


Object is ſeen at a Time, and that. appears all 


over the Lens; from whence nothing but Con- 
fuſion ariſes. 


If the Lens be ſo large that both E yes may 


be applied to it, as in + and &, the Object will 


2 double; for tis evident from the Fi igure, 
at the Rays which enter the Eye at 5 from 
either Extremity of the Object A or B, do not 


proceed as from the ſame Point with that from 
«whence thoſe which enter the other at 4 ſeem 
60 flow ; the Mind therefore is here deceived, 


we oa "1-3, a and 


— 
* an 
1 


abe Appearance Part I 
. 3 upon: the Object as ſituated in two 
| FEI e ee Judah 10 bs 
Prop. NM. An Object ſeen diwongh-6compans 
Lens appears naarer, . and es Aright, 
than wih the naked Eye. 
CThus, let AB (Fig 41.) be the Object C = 
dhe Popil of an Eye, and E Fahe Lens Now, 
as it is the Property of a Lens of this Form. 
to render diverging Rays more ſo, and converg- 
ing ones leſs ſo, the diverging Rays GH. Gl, 
proceeding from the Point G, will be made to 
diverge more, and ſo to enter the Eye as frem 
ſome nearer Point g; and the Rays AH, BI, 
which converge, will be made to converge leſs, 
and to enter the Eye as from the Points 2 and 
+; vherefore the Ob; ject willappear in the Si- 
tuation agb, leſt and nearer than without the 
-Lens. Farther, | as the Rays which proceed 
from G, are rendered more diverging. ſome of 
them will be made to paſs by the Pupil of tho 
Eye, which otherwiſe. would have entered it, 
and therefore each Point of the Object wall ap- 


=” _ brot 9. 
| Prop. VI. 


* From what has been obſerved above the Properties of con- 
- vex and concave Lenſer, we may fee the Reaſon why the for- 
mer Sort are made Uſe of by % People to help their Sight; 
and the latter by thoſe who are purblind.- Old People, as Was 
obſerved before, having the Tunica Cornea of their Eyes too 
flat, require that the Obje& be placed at a greater Diſtance 
from them, than other People whoſe Eyes are of a juſt Form, 
Gat * which enter the Pupils of cheir Eyes Tap the 
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Prop. VI. An Object ſeen through a page - 
nous Glaſs, that is, ſuch as is terminated by 
ſeyeral plain Surfaces, is multiplied thereby. 
* For Inſtance, let A (Eig. 42.) be an b 
je&, and BC a poligonous Glaſs. terminated by 
the plain Surfaces BD, DE, Sc. and let the 
Situation of the Eye F be ſuch, that the Rays 
A being refracted in paſſing thro the Glaſe, 
may enter it in the Direction BF, and the Rays 
AC in the Direction CF. Then will the Eye, 
and hy the latter in H; and by Means of the 
Rays Al, the Object will appear alſo in its pro- 


per Situation A. | 


Thus much for the Principles of Diaptrios, 
and the Solution of ſome obvious Phenomena 
hich tend to confirm the ſame: Thoſe which 
yet remain to he accounted for, ſhall, according 
to the Method we have hitherto obſerved, be 
treated of in the Diſſertation of this Part. 


{ame Point of the Object, may not diverge tog much. Now a 
convex Lens makes thoſe Rays — leſs, as would natu- 
rally do if the Object was placed farther off. Again, thoſe 
who are purblind,: having the Tunica Cornea too protuberant, 4 
uire ſuch a Lens as may render thoſe Rays more diverging, oe 
| ſhould be col into their reſpective Foci before 
they fall upon the Retiza ; and therefore Len/es of the concays 
Sort are of Uſe to them. 
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DISSERTATION 2 
Of * Hortevatd], Moon. 
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| \H D Phenianncn of the Horizontal Moon 

is this: When the Moon is juſt above 
Wt N of the Earth, either immediately 
after ſhe is riſen, or juſt before ſhe ſets, ſhe ap- 
pears four or five Times greater in Diameter, 
than when ſhe is in her Meridian Altitude: 
And yet her apparent Diameter, if taken by 
an Inſtrument, is found to ſubtend the ſame 
Angle 1 in either Situation *. 

The Moon's apparent Diameter being found 
to ſubtend the fame Angle, whetherſhe be in 
the Horizon or Meridian, it is evident the 
Image of her, projected upon the Retina of an 
Eye, is of the fame Dimenſions in either-Caſe; 
and therefore that ſhe ſhould appear of a dif- 
ferent, Magnitude in one Situation from WR | 


— is ſaid hive of the Moon $ Diameter, — by an 
Inſtrument, muſt be underſtood of her horizontal Diameter, and 
not of her vertical one, for the Length of this is diminiſhed by 
Refraction (as explained Chap. VII. Note the firſt) and, there- 
fore, if it be Hen by an Inſtrument, it will not be found to 
ſubtend the ſame Angle in the Horizon as in the Meridian: 
But notwithſtanding. this, it appears longer to the — 
when in the former, than in the latter Situation, as — as 1 4. 
uorizontal Diameter. 


che 
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ſhe does in the other, has always been Matter 
of great Speculation af the Learned 
both in Oprice and A Des Cartes 
was of Opinion, that we ink the Moon 
larger when ſhe is in the Horizon, than when 
| the is in the Meridian, becauſe in the former 
Caſe, by comparing her Diſtance with that of 
interpoſed Objects, we imagine it greater than 
when ſhe is elevated: And that as we judge 
her Diſtance greater in that Situation, we of 
Courſe think her Diameter longer, becauſe it 
ſubtends the ſame Angle in either Caſe. But 
more of this by and by, when we come to 
the Explication Dr. Wallis has given of this 
Matter, 
 _ Gaſſendus was of O inion, that becauſe the 
Moon appears leſs bright when in the Horizon' 
than in the Meridian, we view her in the for- 
mer Situation with a larger Pupil, than we do 
in the latter; and from thence he concludes, 
that the Image of her upon the Retina muſt be 
larger. But this is contrary to the Laws of 
Optics; for if the refractive Power of the Hu- 
mours of the Eye collects the Rays of the ſe- 
veral Pencils into their reſpective Foci upon 
the Retina (and there is no Reaſon to ſuppoſe 
the contrary in this Caſe) the Breadth of the 
Pupil makes no Alteration in the Magnitude 


of the Image ; becauſe the Situation of thoſe 


Foci is determined by the Axes of the ſeveral 
| Yi which, , croſing each other in che Cen- 
ter 


; 5 8 07 15 Horizontal Noon, Part rt. 


| ter of the Pu Pu it, (as was ſhewn Chap. VI. pag, | 
2321. in lote) paſs on to the ſame Points 
_—_; the Rein, e the Pu pil be broad or 
narrow. 
alincur, in the Philoſophical Tranſadtions, 
N 187, tells us of a certain French Abbe. 
chat revived the forementioned Suppoſition of: 
Gaſſendus, and adding two others of his own, 
endeavoured- to account for this Phenomenon. 
| His:Suppoſitions were theſe, vis. “That this 
4 contracting, and enlarging. the Pupil ſup- 
i poſed by — A a different 
« Shape; in the Eye; an open ape making 
4 the Chryſtalline flatter, and the Eye longer, 
* and the narrower Pupil ſhortening the Eye, 
« and making the Chryſtaline Humour more 
& convex. The firſt attends: our looking at 
Objects that are remote, or which we think 
*« ſo; the latter accompanies the viewing. Ob- 
2 jects nigh at Hand. Likewiſe an open Pu- 
“ pil and flat Chryſtalline attends 0 jects of 
„A more ſedate Light, whilſt Objects G more 
1 foreible Rays require a greater Convexity, 
5 and narrower Pupil, . From theſe Poſitions, 
continues Molineux, the Abbe endeavoured 
to give an Aecount of our Phenomenon, AS. 
46 follows ; When the Moon is ni gh the Ho- 
“ rizon, by Compariſon with eee Ob- 
e jects, we are apt to imagine her much far- 
5 ther from us than when more elevated, and 
4 therefore we order out Eyes as for viewing 
| 1 an 


6 © 
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an Obhect farther from us; that is w bee 
a0 thing enlarge the Pupil, and thereby mak? 
«the Ehryſtalline flattef; * moreover the Dar- 
<«<'1/hhefs* of the Moor” in that Poſtüre does 
not ſo much «ſtrain the Sight ;* and conſt 
. the Popil will be more large, and 
«the : Chryftallin®" more flat; hence” a larger 
«, Itrage ſhall be projeatted'on the Fund of the 
Eye, and therefore; the Moon ſhall appear 
larger: Thieſe two fore=memioneAccidenits; 
. ir. the Moon's imapinary® Diftance® and 
% Pufſciſpneſs, gradially vanifhing as ſhe riſes, 0 
0 different Species is hereby introduce in | 
*-the Eye, and conſequently ſhe ſeems gradu- 
«ally leſs and leſs, till again ſhe approaches = 
de nig the Horizon.“ "a =: 
As to what is taken for granted in this 80 
lution concerning a Change in the Chryſtalline 
Humour and Form of the Eye, upon viewing 
an Object in a'd#fey of faint Light, that ſeems 
to be very ill grounded. We know of no ſuch 
Connection between the MufHes* of the Ii 
and thoſe of the Ligamentu Ciliaia; as is 
neceſſary to produce this Effect. And the 
Coats of the Eye are not ſo pliable, as call 
to admit” of an Alteration in their Form . 
Could the Author have made good his other 
Suppoſition; via. That' by* Compariſon” with 
® See what has been obſerved concerning the Power we have 
of making an Alteration: in the Eye, in ordet to ſee difin&ly, 
(Chap. VI. pag. 332.) | . 
2 4 5 in- 


ny 
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interpoſed Ohjetts, we are apt to imagine her 
much fartber from us, than when more ele- 
vated, he need not have had Recourſe to any 
other; this alone would have been ſufficient ; | 
but bie Labor eff. This alone, I fay, would 
have been ſufficient ; for if by comparing her 
Diſtance with that of interpoſed Objects, we 
imagine it greater when ſhe is in the Horizon, 
than when ſhe is in the Meridian; as ſne ſub- 
tends an equal Angle in both Caſes, we muſt, » 
in . Conſequence: thereof, (agreeably to Des 
Cartes's Notion above-mentioned) imagine her 
to be bigger in the former Situation than in the-- 
latter; becauſe a diſtant Object cannot ſub= 
tend the ſame Angle at the Eye that one which 
is nearer os; unleſs it be ann, 5 
larger “. 12 

The . Hobbes eee at a $ol u- 
tion of this Phenomenon, but it is hardly | 
worth mentioning ; The Figure he has drawn 
to explain his Solution by, ſeems to have 
been the Occaſion of his Error. He draws a 
Circle to repreſent that blue Surface common 
ly called the Sky, in which the heavenly Bo- 
dies ſeem to be fixed, and concentric to this, 
a leſſer, to repreſent the Surface of the Earth, 
but vaſtly too big in Proportion; fo that a 
Spectator upon the Surface of this Earth, is 
| FONG nearer to the N Part of the 


. * See, Chap. VI. pag. 301. 


\. 
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other Circle than to the Sides of it: Where- 
fore an Object that ſubtends the ſame Angle at 
different Heights muſt neceſſarily hide a great- 


er Portion of that Ark when it is in the Hori- 


zon, than When it is in the Meridian; becauſe 
that Ark is farther behind, the Object in the 


former than in the latter Situation; from ] 


whence he concludes, that the Moon muſt 


pear bigger in that Situation than in the Me- 
ridian, Had he drawn his Circles in any tole- 


; 


rable Pro on to that which he deſig them 


to repre 
Miſtake. N 
A few. Years ago Mr. De Veil publiſhed pe ff 
Treatiſe upon the Subject of the Horizontal. = 
Moon, which he dedicates ta the Ladies of 
Northampton. If I remember right, his Solu- 
tion of it was in the following Manner: 1. 
When an Object is placed beyond the Focus of 
parallel Rays of a convex Lens, the farther. 
the Eye (ſituated on the other Side. of the Lens) 


ent, he would eaſily have. ſeen his 


recedes from it towards the Focus of the Rays 


which flow from that Object, the larger that 
Object appears. 2. Rays of Light flowing 
from the Moon, and paſſing thro the Atme 
Sphere of the Earth, are collected into a Focus 
on the other Side of it. 3. When the Moon 
is in the Horizon, we are nearer to this Focus 
by almoſt a Semidiameter of the Earth, than 
when ſhe is in the Meridian: And therefore, : 
the Moon ought to appear larger when in the 
former than in the latter Situation, | 


= - * 
* _ * 
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The Props Solution arc all true, 


fitions inthis'Sotu 

but the ſecond is not applicable in the preſeut 
Oiſe; for unleſs we confider the Refraction that” 
| of Eight which flow from' the Moon, and* 
piis” throu h the Atmoſphere of the Earth, 
müffer in their Emerſion, that is, while they 
— the latter Half of it, as well 4⁵ | 


mat which they ſuffer in their Immerſion, or 


their reſpediive 


- white aſs' through” the fornier Half, we 
malt find' tat they will not be collected into 
Foci on the other” Side the 
Earth, as this Gentleman imagines: Which, if” 
it can be ſhewn, his Solution falls to the Ground 
of Courſe; for the Refraction which the Rays 
ſuffer in their Emerſion is not to be taken into 
 Confideration, becauſe they, reach the Eye of 
4 Spectator upon the Earth as ſoon as they 
have paſſed through the firſt Half of the At- 
4 here, when Moon is in his Horizon; 
e they have paſſed through that Half,” 
9 Dive in 0 His Meridian. 
Let us then imagine two Rays flowing Hor 
one and the ſame Point of ay + Surface of the 
Moon, it being neceſſary, in order to conſtitute” 
a Focus, thatſuch Raysſhould, after Refraction, 
meet in a Point; the meeting of ſuch as flow' 
from different Points in the ſame Surface is not 
ſufficient; if it were, we might then have Foct” 
where we pleaſed, and that as well without” 
reffacting or reflecting Surfaces' as with them. 
And let the fitſt of thoſe two Rays fall perpendi- 
ay upon the * af tlie Earth, 3 


\ 


Biff. r. Of he Horlzonital Moon. 464 
be” ſuppoſed to paſs through the Center of itz 
and let the other, aftef Refraction, paſs by the 
Surface of the Earth. No the Moon's Pa- 
rallax, that is, the <8, of under which the Se- 
midiameter of the Earth is ſeen from the Moon, 
being about one Degree, it is evident that theſe” 
Rays muſt, before their Incidence upon the 
Earth's Atmoſphere; diverge the one from the 


other by ſuch an Angle. But it appears from 


Sir J/aac Newton's Table of Refractions, pub- 
liſhed by Dr. Halley, in the Philoſophical Tranſ- 
actions, No 368. that, when any of the heaveh- 
ly Bodies appears in the Horizon, the Rays by 
Which it is ſeen are refracted but by an Angle 
of thirty-three Minutes and forty-five Seconds; 
and therefore the Ray which we have ſuppoſed 
after Refraction to paſs by the Sutface of the 
Earth, will be refracted- only by ſuch an Angle; 
which falling conſiderably ſhort of one Degree, 
the Angle by which it diverged from the per- 
ndicular one before Refraction, it will be fo 
far from being made. to converge towards it 
thereby, that it will ſtill be in a State of Diver- 
ncy from it. And therefore Rays flowing, 
| 13 5 the Moon, and refracted only in their Im- 
merſion into the Atmoſphere of the Earth, will 
not be collected into their reſpective Foci on the 
other Side: Which was to be ſhewn. 
Dr. Walks, in the Philoſophical Tranſactions, 
Ne 187. gives us a Solution of the Horizontal 
Moon (or rather an Explication of what Des 
Cartes had given before) which is as follows: 
oh He 


FE Of « the Horizontal Moon. Part Ir. : 


y 


He aſcribes this Phenomenon to the Deception 
of the Imagination, and accounts for that De. 
ception in the following Manner: He obſerves, 
firſt, That the Imagination doth not eſtimate 
the Greatneſs of an Object ſeen, by the optic 
Angle only, but by this compared with me. 
ſuppoſed Diſtance. - So that if two Things are 
ſeen under the ſame or equal Angles, and if, 
upon any Account whatever,. we apprehend one 


bf theſe to be farther from us than the other, 


that which we apprehend to be farther from 


us, will to the Imagination appear greater. 
| _ Secondly, That one. great Advantage for eſti- 


mating the apparent Diſtance of any Thing, is 
from the Variety of intermediate Objects be- 


tween the Eye and the Thing ſeen; for then 5 


the Imagination muſt allow Room for all thoſe 
Things. 
% Now, ſays he, when the Sun or Moon 
_ © is near the Horizon, the Proſpect we have of 
Hills and Valleys, Plains and Woods, &c. re- 
«« preſent to our Imagination a great Diſtance, 
e capable of receiving all theſe: Or, if it hap- 
«« pens. that theſe interpoſed Objects are not 
„actually ſeen, yet, having been accuſtomed 
« to ſee them, the Memory ſuggeſts to us a 
10 View as large as is the viſible Horizon. 
But when the Sun or Moon is in an high- 
« er Poſition, we ſee nothing between us and 
«© them (unleſs, perhaps, ſome Clouds) and 
For the Sun appears ab in the Horizon, as well as the 


Moon. 
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„therefore nothing thit' « can preſent to our 

3 Imagination ſo great a Diſtance as the other 
4 is. And heretore, though both be ſeen un- 
_ .«« der the ſame Angle, they do not appear (to 

_ the Imagination) of the ſame Bi LY be- 


0 canſe not fancied at the ſame Diſtance : But 


<< that near the Horizon is judged bigger (be- 

es cauſe ſuppoſed- farther off) than omg ſame, 
ec when at a greater Altitude“. 

If I might be allowed to mention any Thing 
of fmy own, after theſe ingenious Geitleiai have 
given their Opinions upon this Matter, it ſhould 
be this, viz. That I have often thought, that 

he who would give a rational Account, why 
the Sun or Moon appears farther from us in the 

Horizon than in the Meridian (for that -is all 

that is requiſite towards a Solution of the Ho» 
rixontal Moon, as has been already. obſervedy 
ſhould firſt ſhew why that apparent azure Sur- 
face we call the Sky, does not ſeem to be an en- 
tire concave Hemiſphere, but only a Pottion of 

ſuch a one: For our judging\the Heavens to 
be no more than ſuch a Portion, ig undoubtedly 
the Cauſe why we judge both the Sun, Moon, 
and Stars to be farther from us whea in the 

Horizon than in the Meridian ; becauſe we 
have nothing elſe We Can refer their Places to, 
but that. * | 

Now, poſſibly, the Cauſe why we think the 

Heavens of that Form, may, after all, be only 


tis, viz. That, as the Rays which come from 


the upper Parts of that imaginary Surface, the 
5 155 . Sky, 
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bey, paſs through a leſs: Portion af che Anno | 
_ Joherethan ſuch as come from the horizontal 
32 1 appears to us more 5 po 
generally more bright. in thoſe arts 

than in che latter; and therefore, ſinee we 
mol 2 that thoſe 2 which — . 
are gener as are neareſt 

to us, and alſo S Objects, when we 
have nothing but bare Imagination to deter- 
mine us in eſtimating the Diſtance of them, 
appear aearer to ä 
leſs. x, we think the upper Parts of the Sky 
ncarer us than the lower. © Wherefore, ſince we 
refer all the heavenly Bodies to this Surface, we 
neceſſaxily i imagine them farther from us, and 
conſequently larger, and alſo more diſtant from 
each- other r, when near the Horizon, than 
3 are. arrived at r er, 


92 1 has been ſaid FEE TIRE BrightneG,of an 


bject bein ring a Means whereby. it appears pearer us, under 
Prop. e 7th Chapter. 


+ * parent horizontal Diſtance of two Stars from one 


N ab the Meridian enen ; 


5 | - 


The END of Vo f. I. 


